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ABSTRACT (% ) q' %L

Machine programs for computing the single-scattered neutron
and gamma-ray fluxes from radiators of reactor-powered spacecraft
are described and some calculated results for typical unshielded
SNAP-8-powered spacecraft are presented, Calculations to investi-
gate the effect of uniform expansion of a direct-beam shield on the
transmitted neutron dose rate in the absence of a scattering atmos-
phere are reported. The results of some Monte Carlo calculations
performed by GD/FW and the Technical Research Group of Syosset, N, Y.,
to investigate the effects of shield-splitting on neutron trans-
mission through direct-beam shields in the absence of a scattering

atmosphere are discussed,
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I. INTRODUCTION

Avnumber of presently conceived spacecraft designs utilize
small nuclear reactors as sources of power. In most of these designs,
the reactor powers a turboelectric generating system which supplies
electricity to an lon propulsion system and to secondary equipment,
such as transmitters and various scientific instruments. An example
of this type of spacecraft 1s shown in Figure 1. Other spacecraft
designs utilize a device for direct conversion of heat to electricity.
In some vehicles, such as an orbiting satellite, the reactor will be |
used only as a source of electricity and will not furnish power to a
propulsion system. In any event, relatively large radiating surfaces,
such as those shown in Figure 1, will be required to dispose of waste
heat.

Because of the reactor and the radiators, various parts of the
spacecraft may be exposed to high scattered-neutron and -gamma fluxes.
It is important, with respect to the design of such spacecraft, to
predict the magnitudes of these fluxes so that a shield configuration
can be designed which will reduce the neutron and gamma fluxes to
allowable levels. It is of particular importance to know the magni-
tude of these fluxes at such places as the payload and propellant
tank.

Both the neutron and gamma fluxes at any point will consist of

two components: (1) the flux transmitted along a "line of sight"
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from source to detector { a component referred to as the "direct
beam" and consisting of the uncollided flux plus that flux which is
scattered within any material between the source and the detector)
and (2) the flux scattered from the radiator surfaces and structural
components. Although the toctal gamma flux would include a component
due to neutron activation of the radiators and structural components,
only those methods of calculating and shielding against the radiator-
scattered and direct-beam fluxes are discussed in this report.

Particular effort has been directed toward setting up machine
programs for calculating the radiator-scattered fluxes. The develop-
ment and use of these programs are described and some results for
typical spacecraft powered by unshielded SNAP-8 reactors are presented.

The problem ¢of shilelding agalnst the direct-beam fluxes is
considered from the standpoint of minimizing the required shielding
by proper placement of the shield and by expanding or splitting the
shield, In any case, the desired effect is to increase the trans-
verse leakage of those neutrons and photons which scatter within the
shield., Results of calculations performed at GD/FW to investigate
the effects of shield expansion are presented and discussed. Calcu-
lations performed by the Technical Research Group at Syosset, New York
to investigate the effects of shield placement and splitting are also
discussed.
It should be pointed out that, thus far, this study has not

h

1 concerned with the actual design of specific shields, but has
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pbeen directed toward setting up methods of analysis and investigating
some of the more important aspects of spacecraft reactor shielding.
Recommendations are made for continuing this study in order to arrive

at an integrated program for spacecraft reactor shield design and to

evaluate presently conceived designs,
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1T, RADIATOR SCATTERING

Equations for calculating the radiator-scattered neutron and
gamma fluxes are developed in this section. The IBM programs for
calculating these scattered fluxes are described in terms of calcu-
lational procedure, data input, and data output. Results of some
calculations for typical spacecraft configurations are also given.

2.1 Methods of Calculation

©.1.1 Neutrons: IBM Procedure S06

A FORTRAN program (S06) for calculating the neutron flux
scattered from the radiators of reactor-powered spacecraft has been
coded for the IBM-7090. This program is described below. The FORTRAN
statements for SO6 are given in Appendix A, Machine operating
instructions are given in Appendix E. Input and output for a sample
problem are given in Appendix B.

2.1.1.1 Derivation of Equation for Scattered Neutron Flux

It is assumed that the reactor can be represented by a point
source, with the origin of the coordinate system at the source. A
simple example of the geometry involved is shown 1in the accompanying

sketch., In all cases, it 1s assumed that the radiator, source, and

detector lie in the same plane.
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Y-axis

Radiator

o SEP o X-ax1s
Source Detector

The radiator can be triangular or consist of rectangular nnd tri-
angular sections. The base of each section must be parallel to the
X axis. Each triangular section must be a right triangle with its
area above 1ts base, and the slopes of all hypotenuses must be equal
and positive. This geometry was chosen because it lends 1tself to
the analysis of systems such as the one illustrated in Figure 1 and
those described in Reference 1.

To derive the expression for the scattered flux, consider the
geometry illustrated in Figure 2. For the present, the source,

detector, and radiator need not be in the same plane.

X SEP
Source Detector

Figure 2. Scattering Geometry
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Assume that the radiator is sufficiently thin so that the Z-—
dependence of the flux at any pcint in the radiator can be neglected.
The flux in energy group L at the point (X,Y)} is then given by
S(L,X,Y). It is important to note that in this formulation the source
is represented by a point source, but that the source term, S(IL,X,Y),
1s calculated by considering the reactor core as a number of point
sources distributed throﬁghout the volume of the core,

Next, assume that all the neutrons at (X,Y) are traveling in the
same direction. This assumption is consistent with the assumption of
a point source and is feasible since the dimenslons of the reactor
core are small compared to R,

The number of group-L neutrons in the element of volume dXdYdZ
at X,Y,Z2 which undergo single-scatterings through the angle © is given
by

S(L,%,Y)s(L,0)dXdYdZ neutrons/sec-steradian,

where

E(L,O) £ differential scattering cross section of the radiator
for group—L neutrons in units of cm‘l/steradiano

Neglecting energy loss due to scattering, the number of group-L
neutrons passing through an element of area dS, which is located at
the position of the detector and oriented perpendicular to D, and

resulting from single-scattering in dXd¥dZ is

S(L,X,¥)=(1,6)dXdYdz e"z/“(L) %g neutrons/sec,

17



where

{ = slant distance in cm from the point (X,Y,Z) to the surface
of the radiator, and

A = mean free path in cm of group L neutrons in the radiator.
Assuming the radiator to be sufficiently thin, £ will be so small
compared to A(L) that the exponent may be neglected. The flux (or,

more properly, the current) at dS will then be

S(L,X,g)z(L,Q) dXdydz neutrons/bm2—sec.
D

Since the detector is omnidirectional, the total single-scattered

flux in energy group L is

g(L) = jﬁjf-/'SLL,X,Y%z(L,G) dXdYdZ neutrons/cm2-sec.
D

volume

Since the integrand 1s independent of Z,

g(L) = ¢ 'j:[ S(L’XJE%Z(L’Q) dXdY neutrons/cme-sec, (1)
area

where t = thickness of radiator in cm.

It should be noted that Equation 1 has been derived without any
assumptions with regard to the relative orientations of point source,
radiator, and detector. As noted in Section 2.1.1, however, it will
be assumed that all lie in the same plane and Equation 1 will be

evaluated on that basils.
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In formulating the expression for the scattered flux, the
following assumptions were made:
1. Attenuation by the radiator can be neglected.

2. The neutron spectrum incident on the radiator can be
represented by a number of discrete energy groups.

3. The scattered flux will consist only of single-scattered
neutrons.

4, Energy loss due to scattering can be neglected,

5. The radiation leaking from the reactor can be treated as
if emitted from a point source.

2.1.1.2 IBM Calculational Procedure

Program SO06 numerically evaluates Equation 1 for any number of
energy groups (values of L) from 1 to 15. Since it is desirable to
know which sections of the radiator contribute most of the scattered
flux, the radiator may be broken up into as many as 20 sub-areas and
the flux from each sub-area calculated.

The source terms S(L,X,Y) are supplied to the program as fluxes
at points described by R and o about the source (see Fig. 2). The
integral in FEquation 1 is evaluated by a double application of
Simpson's rule for each sub-area. The procedures for evaluating the
two terms in the integrand of Equation 1 for a given X and Y are

described below.

Source Term S(L,X,¥). The values of (R,a) corresponding to

(X,Y) are calculated in conventional fashion. The program then
determines the input values of R and a Dbetween which the point

(R,a) will lie (see sketch). By the use of linear interpolation with
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Point (X,Y)  ang a, are
or
(R,a) input values

of R and a.

respect to a, the source terms S7 and Sp at the points (1) and (2)
are determined., The source term at (R,a) is then calculated by the

expression

S(R,a) = 1/2 (S{Ry°+5,Ry%)/R%. (2)

Differential Scattering Cross Sections 3(L,6). The cosine of

the scattering angle, ©, 1s calculated by the equation

cos © = (SEP)22§DR2 - Dg, (3)
where R = (x2+72)Y/2 ang ()
p = [R% +(sEP)? - 2(sER)x|V/2. (5)

The differential scattering cross section in FORTRAN terminology 1is

NUMAX
s(L,6) = s ATOM(NU)*s1G(L,e,NU), (6)
NU= 1

20




where * .denotes multiplication and

ATOM(NU) = nuclear density of element NU in radiator in
nuclei/cm3 (input);
LIMAX
s16(1,0,n0) = SIEEL(LNU) ™5™ (orr 1 )p (w, L, L1)P(LL, cos8); (7)
LL=1

SIGEL(L,NU) elastic zcattering cross section of element NU for

group—L neutrons in barns (input);

F(NU,L,LL) = coefficients in Legendre expansion (input);

P(LL, cosé )

Legendre polynominals (calculated by the program).

It should be noted that © in Equation 3 refers to laboratory
system coordinates, whereas most compilations of the coefficienté
F(NU,L,LL) are for scattering angles in the center-of-mass system.
For most radiator materials, the mass number will be high enough to
cause the error introduced in the results by use of the F(NU,L,LL)'s
in the center-of-mass system in Equation 7 to negligible,

2.1.1.3 Code Description of Radiator Geometry

The radiator configuration is described in XY coordinates, with
the origin of the coordinate system always located at the source.
The detector then always lies on the X-axls, a distance SEP from the
origin. A sub-area is described in FORTRAN by seven quantities:
X0(K) and YO(K) Coordinates of the lower left corner

of the sub-area K, No sub-area can
have coordinates (0,07,

NPX(K) and NPY(K) The number of points in the X and Y
meshes for integration. NPX(K) and
NPY(K) must all be odd integers.



KT(K) A control number denoting whether sub-
area K is rectangular or triangular,
(=0 for rectangle, =1 for triangle).

DELX(K) and DELY(K) Intervals between points in the X and
Y meshes for sub-area K.

For a triangular sub-area, NPY(K) and DELY(K) will be put in as zero

and their values will then be computed by the program as follows:
NPY = 3 +(I-1)2,

where I = the index number of a point in the X-mesh which will assume
values of 1 through NPX(K).

and

DELY = SLOPE(X-X0)/(NPY-1),

where SLOPE = the slope of the hypotenuse of the triangular sub-area.
2.1.1.4 S06 Input Data

Definition of Input Quantities, The program input for a single

problem will consist of (1) the problem data, (2) one library deck of
source data, and (3) one to five libraries of cross-section data. A
cross-section data library must be supplied for each element. Although
up to 25 cross-section libraries may be loaded at the same time, a
single problem can have a maximum of only five elements.

Only one source library can be read in at a time. If several
problems are to be run in sequence, they must all use the same source

library. All library data for a given sequence of problems must be

read in before the problem decks are read in.
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The quantities that comprise the problem data, the source-data

library, and the cross-section data library are listed and defined

below.

NA
NUMAX

LIMAX1

NE

SLOPE
SEP
YSLIB
THICK
NPX(K)
NPY(K)
KT(K)

X0(K)

=

o
~~

~
~—

Problem Data

Number of sub-areas (a positive integer).

Number of different nuclei which are treated
as scatterers (a positive integer).

The largest value of LLMAX which is to be used
(a positive integer)., LIMAX is defined under
cross-section data.

Number of energy groups (a positive integer),
This must be the same in the problem data input,
the source library, and all the cross-sectilon
libraries used in a particular problem.

Slope of hypotenuses of all triangular sub-areas
in a particular problem (a decimal number).

Source-detector separation distance in ecm (a
decimal number).

Identification number of source library (a
decimal number)., Same digits appear in Columns
63 through 68 of source library cards.

Thickness of radiator in cm (a decimal number).

Number of points in X-mesh for sub-area K (a
positive integer: NA values).

Number of points in Y-mesh for sub-area K (a
positive integer: NA values).

Denotes rectangular (KT = 0) or triangular
(KT = 1) sub-area (NA values).

X-coordinate of lower left corner of sub~area K
in cm (a decimal number: NA values),

V.ranrd
1L=LUVLU

i
in em {a

hal

nf 1ouwr
4 A A N e

ey

e er left ner o
cimal number: NA values),

t ef
e

d
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DELX(K)
DELY(K)
ATOM(NU)

YLIB(NU)

NE
MMAX

NMAX

R1(M)

ALPHAL(N)

S(L,M,N)

LLMAX

NE
SIGEL(L)

Problem Data (cont'd)

Interval between points in X-mesh of sub-area K
in em (a decimal number: NA values).

Interval between points in Y-mesh of sub-area K
in cm (a decimal number: NA values).

Nuclear density of element NU in nuclei/cm3 (a
decimal number with exponent: NUMAX values).

Library identification number of cross-section
data library for element NU (a decimal number:
NUMAX values).

Source Data

Defined under problem data.

Number of values of R for which source points
are defined {(a positive integer).

Number of values of o for which source points
are defined (a positive integer).

Values of R in cm at which sources are defined
(a decimal number: MMAX values in increasing
order),

Values of o at which sources are defined; has
units of degrees (a decimal number: NMAX values
in increasing order).

Source terms (flux) for energy group L, radius
R1(M), and angle ALPHA1(N) (a decimal number
with exponent: NE - MMAX . NMAX values).

Cross=Section Data

Number of terms in Legendre expanslon of cross
section (a positive integer).

Defined in problem data.
Total elastic scattering cross section for

energy group L (a decimal number with exponent:
NE values).,

24




Cross-Section Data (cont'd)

F(L,LL) Group L coefficients in Legendre expansion of
cross section (a decimal number with exponent:
NE o LIMAX values).

Limits on Quantity of Input Data. The guantity of input data is

limited by the following maximum values:

Quantity Input Maximum Value

NA 20
NUMAX 5
LIMAX1 10
NE 15
MMAX 20
NMAX 20
LIMAX 10
NPX(K)
Rectangular 99
sub=area
Triangular 49
sub-area
NPY(K) 99

Input Data Formats, Formats for preparing input data are shown

in Figures 3 through 5. The first card of the problem deck contains
no data., The first card of a source library has a 1 in Column 10.
The first card of a cross-section library has a 2 in Column 10, With
regard to entering the input on the data sheets, the following rules

must be followed:
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1. Integers must end in the last column of a data field, i.e.,
Column 10, 20, 30, 40, 50, or 60,

2, A Decimal Number can end anywhere in the data field.

3. A Decimal Number with Exponent must end in the last column

of a data field (2.5x10° wculd be 2.5+ 06 or .25+ 07).

2.,1.1.5 S06 Output Data

Output data from the program consists of the following:

1.
2,
3.
b,
5.

Total flux at detector

Flux spectrum at detector

Flux from sub-areas

Fraction of total flux at detector from each sub-area

Flux spectrum at detector from each sub-area

With regard to the output data, the following should be noted:

10

Ir S{L,X,Y) is in units of n/cm2-sec-Mev, then SIGEL(L)
and F(L,LL) for each element are supplied for each
energy E(L); @(L) is then the flux at the detector in

units of n/cmé-sec-Mev and output items 1, 3, and 4 have
no meaning.

Ir S(Lgngg is in units of n/cm2-sec in energy group L,
then SIGEL({L) and F(L,LL) for each element consist of
their average values over energy group L; ﬁ(L) then has
units of n/cmg-sec and all output items have meaning.

2.1.,2 Gammas: IBM Procedure S14

A program, S14, has also been coded to calculate the radiator-

scattered gamma flux. This program is described below. The FORTRAN

statements are listed in Appendix C. Input and output for a sample

problem are given in Appendix D, Machine operating instructions are

given in Appendix E.
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The geometry involved is the same as in the neutron program.

2.1.2.1 Derivation of Equation for Scattered Gamma Flux

In formulating the expression for the scattered gamma flux, the
followling assumptions were made:
1. Attenuation in the radiator can be neglected.

2. The gamma spectrum incident on the radiator can be
represented by a number of discrete energy groups.

3. The scattered flux will consist of only single~-scattered
gammas.,

4, An average energy can be assigned to each energy group,
and this energy can be used in calculating the cross
section for Compton scattering.

5. The radiation leaking from the reactor can be treated
as 1f emitted from a point source.

With these assumptions, the scattered flux @(L) in energy group
L is given by

(L) = t ff Ié §LL_'§L)Q s (L',0)F(0, Lt —=T1,)dX4y, (8)
D

aréa L'Fl

where @(L) = scattered flux in energy group L in photons/cme-sec;

t = thickness of radiator in cm;

S(L',X,Y) = flux in energy group L' incident on the radiator at the
point (X,Y) 1n photons/cm2-sec;
D = distance from scattering point to detector in cm;
s(L',0) = differential scattering cross section of radiator for
group—-L! photons in em=l/steradian;
F(6,L'—=L) = "probability" that a group—L' photon which scatters

through angle @ will end up in group-L. This will
always be either zero or unity, depending on @, L,
and L,
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2.1.2.2 IBM Calculational Procedure

With the exception of =(L',6) and F(9,L'—=L), which are
discussed below, the quantities in Equation 8 are calculated in the
same manner as in IBM Procedure S06,

Differential Scattering Crosg Section. The cosine of the

scattering angle, 6, is calculated as in the neutron program (S06).
The ratic of final to initial energy, P(L), is then calculated by the

equation

P(L) = 1/[1+70(L)(1=oose)], (9)

n

where y_(L} = EO(L)/0.51, and

EO(L) average energy of group-L photons, in Mev.

The differential scattering cross section is then given by

r
s(L,8) = N —%» (P-P2{1-cos20) +P3), (10)
where Ng = number of electrons per em3 4in radiatoer,
ro = classical radius of electron, in cm.

Equations 9 and 10 are discussed in Reference 2.,

F(o,Li'—1L), This guantity is not actually calculated. Instead,

the final energy, El, is calculated by
E1(L) = EO(L) P(L).

El is then successively compared with the lower-energy limits E{L) of
the energy groups, beginning with L = 1, until the group in which El

lies is found. The group—L flux scattered from the point in question

is then assigned to that particular group.
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2.1.2.3 S14 Input Data

Definition of Input Quantities. The program input for a single

problem will consist of (1) the problem data and (2) one library of

source data. The library data for a given sequence of problems must

be read in before the problem decks are read in. Only one source

library may be read in at a time. Therefore, if several problems

are to be run in sequence, they must all use the same source library.
The input quantities comprising the problem and library data are

listed and defined as follows:

Problem Data

NA Number of sub-areas (a positive integer).

NE Number of energies (a positive integer).
This must be the same in the problem data
and source library.

SLOPE Slope of the hypotenuses of all triangular
sub-areas in a particular problem (2 decimal
number ).

SEP Source-detector separation distance, 1n cm

(a decimal number).

YSLIB Identification number of source library (a
decimal number). Same digits as in Columns
63 through 68 of source library cards.

THICK Thickness of radiator, in cm (a decimal
number ),
XNEL Number of electrons per cm3 in radiator

(a decimal number with exponent).

NPX(K) Number of points in X-mesh for sub-area K
(a positive integer: NA values).

NPY(K) Number of points in Y-mesh for sub-area K
(a positive integer: NA values).
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KT(K)
X0(K)
YO(K)
DELX({K)

DELY(K)

NE
MMAX

NMAX

R1({M)

ALPHA1(N)

EO(L)

E(L)

S(L,M,N)

Problem Data (contfid)

Denctes rectangular (KT = 0) or triangular
(KT = 1) sub-area (NA values),

X=coordinate of lower left corner of sub-area
K, in c¢m (a decimal number: NA values),

Y-coordinate of lower left corner of sub-area
K, in cm {a decimal number: NA values),

Interval between points in X-mesh of sub-area
K, in cm {a decimal number: NA values),

Interval between points in Y-mesh of sub-area
K, in cm (a decimal number: NA values).

Source Library

Defined under problem data.

Number of values of R for which source points
are defined (a positive integer).

Number of values of @ for which source
points are defined (a positive integer).

Values of R in cm at which sources are
defined (a decimal number: MMAX values in
increasing order),

Values of o at which sources are defined;
has units of degrees {a decimal number: NMAX
values in increasing order).

Average energy in Mev of group-L photons (a
decimal number with exponent: NE values).

Lower energy bound of group L {a decimal
number with exponent: NE valuesgo It is
important to note that E{(L = NE) must always
be zero, and the highest energy group must

be Group 1.

Source term (flux) for energy group L, radius
R1{M), and angle ALPHA1(N) (a decimal number
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Iimits on Quantity of Input Data. The quantity of input data is

limited by the following maximum values:

Quantity Input Maximum Value
NA 20
NE 15
NMAX 20
MMAX 20
NPX(K)

Rectangular 99
sub-area

Triangular 49
sub-area
NPY(X) 99

Input Data Formats. Formats for preparing input data are shown

in Figures 6 and 7. The first card of the problem deck contains no
data. The first card of a source library has a 1 in Column 10. The
rules for entering input on data sheets are outlined in Section 2.1.1.

2.1.2.4 S14 Output Data

Output from the program consists of the following:
1. Total flux at detector.
2 Flux spectrum at detector.
3., Total flux and flux spectrum from each sub-area.
4

. Fraction of total flux at the detector from each
sub-area.

2.2 Calculations

Calculations have been carried out by use of the programs

described above to determine the neutron and gamma fluxes scattered
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from the radiators of typical unshielded SNAP-8-powered spacecraft
having rectangular- and triangular-shaped radiators. Results of
these calculations are discussed in the subsections that follow.

2,2.1 Geometry of Radiator Systems

Two radiator configurations based on specifications given in
Reference 1 were treated: the "flat" configuration shown on page 7
and the "Y" configuration shown on page 11. The flat configuration
consists of two rectangular-shaped radiators lying opposite one
another in the same plane, one on each side of the axis of the
spacecraft., The Y configuration consists of three triangular-shaped
radiators mounted radially about the spacecraft axis, each with the
same axial position,

The geometries used in these calculations are shown in Figures
8a and 8b. Calculations were performed for a single radiator of each
configuration, so that the total flux would then be twice the flux
from a single radiator in the flat configuration and three times the
flux from a single radiator in the Y configuration. The circled
numbers in Figure 8 indicate the detector locations used in the
calculations. Detector 1 coincides with the location of the scientific
payload, Detector 2 with that of the ion-propulsion-system propellant
tank.

For purposes of calculation, the radiators in both configura-
tions were assumed to consist entirely of aluminum and to be 0.45-cm
thick. (By the present method of calculation, the scattered flux is

directly proportional to radiator thickness, )
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2.2.2 Source Terms

2,2,2,1 Method of Calculating

Both neutron and gamma source terms were obtained by use of the
GD/FW shield penetration program, C-17 (Ref. 3). The reactor core
was treated as a number of point sources. The output from this
program consists of differential fluxes (particles/cm2~sec-Mev-power
unit) and dose rates., Hcwever, the radiator-scattered gamma calcula-
tion (S14) requires that the source terms consist of fluxes
(particles/ém2-sec—power unit ) instead of differential fluxes. 1In
order to use in the S14 program the gamma source data generated by the
C-17 program, the following procedure was used:

1. The differential gamma spectrum at each radius and angle
was normalized to the value at 0.25 Mev,

2. An average normalized spectrum was calculated from the
normalized spectra obtained in Step 1. This was possible
since the normalized spectra were all quite similar in
shape.,

3. The average normalized spectrum was then integrated over
energy intervals to obtain relative group fluxes. The
flux-weighted energy for each energy group was also
calculated.

4, The group fluxes (photons/cm2-sec-watt) at each angle and
radius were then obtained by multiplying the differential
flux at 0.25 Mev for each angle and radius by the relative
group fluxes calculated in Step 3.

The source terms required by the S06 program for the neutron

calculations are the differential fluxes calculated by the C=17
shield penetration program. Since results obtained from the radiator-

A
scatt
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fluxes at each detector, 1t was necessary to integrate these results

over energy to obtain the total scattered fluxes.

The neutron and gamma source terms for an unshielded SNAP-8

reactor are given in Tables I and II,.

2,2.2.2 Reactor Geometry and Composition

The composition and geometry of the unshielded SNAP-8 reactor,

as used for input to the shield penetration program, were obtained

from References 4 and 5 and are indicated below.

Dimensions are in

centimeters,
\'% 7.62

IV‘__\r l l— .81
l‘_’5‘,08b T I f ‘_5'08"
| 10.85 (radius) |
| ~ 35.6 > VII
l VI I
| -1 1.27 —™

- 1,27
Region III

4o

Region II

-~



The Roman numerals indicate region numbers. The composition of

each region is as follows:

Densit
Region Material fgmgcm }
I (core) NakK 0.,0705

H 0.0898
Zr 4,82
U-235 0.596
Hastelloy=N 0,082
II, III, IV Fe 8.0
v ' Be 1,84
VI, VII Al 0.T74

2.3 Results

2.3.1 Flux>and Dose

For an unshielded SNAP-8 reactor, the single scattered neutron
and gamma spectra at the payload (Detector 1 in Figure 8) are given
in Figures 9 and 11. For purposes of comparison, the unshielded
direct-beam neutron and gamma spectra at the same detector positions
are shown in Figures 10 and 12, The direct-beam spectra were obtained
from the source data in Tables I and II. The integrated neutron
fluxes and gamma dose rates are given in Tables III and IV, It should
be pointed out that the unshielded dose rates and fluxes reported are
those from a single radlator multiplied by 2 in the flat configura-
tion and by 3 in the ¥ configuration, A reactor pbwer of 600 kw
thermal was assumed. The neutron elastic scattering cross sectlons
and coefficients for the Legendre expansions for aiuminum were taken

from Reference 6,
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TABLE IX

GAMMA SOURCE TERMS FOR UNSHIELDED SNAP-8 REACTOR
(photons/cm2-sec-watt )
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Figure 9. Single-Scattered Neutron Spectra at Payload
for Flat and Y Configurations
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TABLE IIT

TOTAL NEUTRON FLUX ABOVE 0,33 MEV
(neutrons/cm2-sec-600 kw)

Flat Configuration

Y Configuratioh

At Payload

Scattered 1.2x108 1.1x108

Direct Beam 2,6x109 8.9x108
At Propellant Tank

Scattered 1,5%108 1.7x108

Direct Beam 4, 0x109 1.1x109

TABLE IV
GAMMA DOSE RATES
(r/hr-600 kw)
Flat Configuration | ¥ Configuration

At Payload

Scattered 1,5x10° 4, 3%102

Direct Beam 1.3x10% 4, 3x%103
At Propellant Tank

Scattered 1,7x10° 5.4x10%

Direct Beam 2.Ox10q 5.4x103
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The scattered gamma dose rates were obtained by the following
expression:

DOSE = 3 £y gi’
i

where @4 = group 1 gamma flux,

f4 = flux~-to-dose conversion factor, approximated from the
curve on page 19 of Reference 7.

The direct-beam dose rates were obtained from the C-17 shield
penetration program results.

2.3.2 Relative Importance of Radiator Regions

Of interest is the relative importance of various segments of the
radiator with regard to scattering. With the flat configuration
divided into three equal areas, as shown below, the percentage of
total scattered neutron flux above 0.33 Mev contributed by each area
is as follows: area 1, 70%; area 2, 20%; and area 3,10%, The per-
centage of scattered gamma dose rate contributed by each area is:

for area 1, T3%; for area 2, 19%; and for area 3, 8%.
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Next, consider the source-detector scattering surface arrangement

shown below, where area A = area B,

| l
| |
: d

Source Detector

For an angular-independent source term that varies as 1/?2, 1t
can be shown that the scattered fluxes contributed by areas A and B
are equal. This 1s true because, for a given scattering "point" in
area A, there will be a "point" in area B for which the scattering
angle and geometric attenuation from source to detector will be equal
to the scattering angle and total geometric attenuation, respectively,
for area A,

2.4 Discussion of Results

2.4,1 Limitations

The most important limitations on the radiator scattering
calculations are:

1. Neglect of attenuation in the radiator.

2. Consideration only of single scattering.

3. Uncertainties in the source terms, particularly the neutron
source term,

The errors introduced by the first two limitations compensate each
other to some degree. It is not certain that the effects of either

are significant.
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Attenuation is neglected because accounting for it would require
either that the reactor be treated as a number of source polnts or
that a detailed knowledge of the angular distribution of the radiation
leaving the reactor surface be cocbtained and an integration performed
over the surface of the reactor. The latter approach would be the
better of the two but, at present, methods are not available which
would give the necessary angular distribution of leakage radiation.
It should be pointed out that, while the reactor is assumed to be a
point source as far as the geometry involved in the scattering
calculations is concerned, the source terms used in the scattering
calculaticns were obtained by treating the reactor core as a number
of point sources.

In using the shield penetration program (Cl7, Ref. 3) for calcu-
lating neutron fluxes from systems which consist of both hydrogenous
and nonhydrogenous materials, one 1s faced with certain basic limita-
tions inherent in the application of moments method data to neutron
penetration calculations. The most important of these are:

1. Difficulty in choosing the proper reference material.

2. Uncertainties due to boundary effects.

This points out the importance of more sophisticated methods for
determining neutron scurce fterms.

A reasonable estimate of the error introduced by the assumptions

and uncertainties discussed above cannot be made,.
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2,4,2 General Observations

From Reference 1, page 5, the total allowed radiation doses in
the payload area are 1013 n/cm? and 109 ergs/gm(C) for neutrons and
gﬁmmas, respectively. For a lou-hour operating period, the maximum
allowable neutron flux and gamma dose rate are then 2.8x10° n/cm®-sec
and 103 r/hr, respectively. By comparing these numbers with those in
Tables III and IV, one can see that, in the particular spacecraft
treated in these calculations, it will be necessary to shield against
both scattered and direct-beam neutrons. The gamma shielding required
will depend on the gamma attenuation offered by the neutron shielding.

Since the scattering cross section for aluminum decreases with
increasing neutron energy and its differentlal elastic scattering
becomes highly anisotropic with increasing neutron enérgy, it 1s the
low=-energy neutrons leaking from the reactor that contribute most of
the scattered flux. One can see this by comparing the shapes of the
scattered and direct-beam neutron spectra, bearing in mind that energy
loss due to scattering is negligible. This 1s fortunate, since it
is easier to shield against low-energy neutrons than against those
of high energy. |

Conclusiqns and recommendations with regard to radiator scattering

are discussed in Section 4.1 of this report.
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ITI, DIRECT-BEAM SHIELDING

Shielding against direct-beam radiation has been studied from
the standpoint of reducing the required shielding by either splitting
or uniformly expanding the shield in order to increase the transverse
leakage of radiation scattered within the shield. The effect of
shield placement has also been considered. Results of Monte Carlo
calculations performed at GD/FW té investigate shield expansion are
presented, and the results of calculations performed by the Technical
Research Group to study shield splitting are discussed. Thus far,
the GD/FW study of direct=-beam shielding has been confined to neutrons.

3,1 Expanded-Shield Studies

3.1.1 Geometry

The geometry for the expanded-shield calculations is shown below.

0% Void

Plane Log Void
Source 4) ?Imtector

80% Veoid

*

The shield was assumed to be a right circular cylinder of polyethylene,
12 inches in diameter, which was uniformly expanded until 40% and 80%

void fractions were achieved, Initial shield thicknesses of 9, 27,
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and 60 cm were considered. For each of these solid-shield thicknesses,
the source-detector separation distance was assumed to be equal to the
thickness of the shield when expanded to 80% void. The total mass of
each shield was assumed to remain constant.

3.1.2 Source

The energy spectrum of the source was taken to be the same as
that leaking from a typical nuclear rocket engine reactor. Although
this spectrum differs considerably from that of the SNAP-8 reactor,
the general conclusions drawn from this study should be applicable.

Two source angular distributions - isotropic and monodirectional -
were treated.

3.1.3 Method of Calculation

IBM procedure K97, a Monte Carlo program, was used to make the
calculations. A complete description of the calculational method is
presented in Reference 8.

3.1.4 Results

Uncollided, scattered, and total dose rates per 8source neutron
per second are presented in Figures 13 through 18 as a function of
voild percent for both source angular distributions and each initial
shield thickness. The uncollided dose rates were calculated by
conventional methods. The number of neutrons that leak from the side
of the shield per source neutron as a function of vold percent is
shown in Figures 19 and 20 for a plane isotropic source and a plane

monodirectional source, respectively.
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Figures 13 through 15 indicate that the total dose rate from a
plane isotropic source is reduced by expanding the shield. With an
isotropic scurce the effectiveness of shield expansion is expected to
be at a maximum when the source is located at the face of a hydro-
genous material, since scattering is predominantly in the forward
direction., If the source were located a large distance from the
shield, the incident radiation would be more normal and the effect of
expansion would be reduced.

The high magnitude of the uncollided dose rate relative to the
total dose rate for the 60-cm case {(Fig. 15) is felt to be caused by
the source energy spectrum. For small thicknesses of polyethylene,
the major contribution to the dose at the detector results from
neutrons which originate at the source with energies of less than
5,0 Mev, A 40,0-cm thickness of polyethylene, however, removes most
of those neutrons with energies below 5.0 Mev., Since the scattering
cross section decreases as the energy increases, the uncollided dose
rate becomes more important for polyethylene thicknesses greater than
40 em, This latter effect would not be as noticeable for the SNAP-8
spectrum, since this spectrum is harder than that used in the calcu-
lation reported here,

Figures 16 and 17 indicate that, for shield thickness of 9 and
27 cm and for a monodirectional source, the effect of expanding the
shield toward the detector is to increase the dose rate. This is

Thannmsinm o 4 Ta
L

AP A
because the effect of mov

ec ng points closer to the detector

~ ~

is greater than that of increasing the transverse leakage.
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Figure 18 indicates that for a plain monodirectional source and
a 60-cm shield thickness, the result of expanding the shield toward
the detector is, first, to decrease and, then, to increase the
scattered dose. This 1is probably due to the larger source-detector
separation distance used in this case. With a 40% expansion, the
fractional change in separation distance between scattering points
closer to the source, where the scattering i1s highest, 1s less than
that in the other cases which used shorter source-detector separation
distances. The increase in transverse leakage due to a L4L0o% expansion,
therefore, compensates for the decrease in geometric attenuation,
which results from moving scattering points closer to the source.
With further expansion, the effect of moving the scattering points
closer to the detector is greater than the increase in transverse
leakage and the dose-rate increases, If the distance from shield
to detector had been held constant and the shield expanded toward
the source, the opposite effect would have been observed since the
scattering points would be moving farther from the detector. This
illustrates the importance of proper placement of the shield with
respect to source and detector,

Figures 19 and 20 indicate that most of the increase in trans-
verse leakage due to expansion 1s due to expansion of the first few
mean free paths of the solid shield., This 1s especlally true for
the isotropic source, as can be noted by the fact that the data for

the three shield thicknesses are qulte close together.
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Since those neutrons which leak from the side of the shield
could reach the detector by scattering off radiators or other
structure, it may be necessary to conslider them in calculating the
radiator-scattered dose rates for a composlite shield configuration,
The spectrum of neutrons leaking from the shield would be softer
than the source spectrum, since neutrons from the shield would have
undergone collisions in a moderating medium. The spectrum at the
detector due to these neutrons would be even softer, as indicated by
the discussion in Section 2.4.2,

The results just discussed indicate that it is possible to
obtain significant reduction in neutron dose rate by expanding the
direct-beam shield, but that the effect of expansion is dependent on
several factors, the more important of which are angular distribution
of source, initial (solid) shield thickness, and source-detector
separation distance, The effect of expansion will alsc be dependent
on other facters which were not specifically covered in this study.
These would be shielding material, source energy spectrum, configura-
tions of source and detector, ratio of source-=detector separation
distance to shield diameter, and shield placement. In actual design,
one would consider the gamma dose rate and expansion in connection
with splitting (i.e., breaking the shield into several sections and
re-distributing these sections).

3.2 Split Shield Considerations

he results of a Monte Carlo study on the effect of splitting

and placement of shadow shleld configurations appropriate to manned
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nuclear rocket and ion-propelled vehicles has been reported by
Aronson et al. in Reference 9. In that study, the geometry of the
source~shield-detector configuration was axlally symmetric and
consisted of the source, a disc; the shleld, a set of cylinders
placed end-to-end; and the detector, a cylindrical cavity. The study
considered both hydrogenous and nonhydrogenous shields. On pages

21, 22, and 23 of Reference 9 are listed ten tentative conclusions
which Aronson et al. had obtained from their Monte Carlo results.

The first three of these conclusions are (1) the neutron flux trans-
mitted through a nonhydrogenous shield can be reduced appreciably by
splitting the shield into two or more segments, (2) the dose reduction
factor increases as the ratio of the source-detector separation
distance to the shield radius increases untlil the ratio 1s so large
that the unscattered flux predominates in the dose, and (3) the dose
reduction due to splitting the shield increases with the thickness of
the shield, up to some limiting thickness.

These conclusions are based mainly on their Monte Carlo results
for a carbon shield in which the shield thickness was four feet and
the disc source was emitting neutrons with energies in the fission
spectrum and in directions defined by a cosine distribution. The
source~-detector separation distance used in the carbon-shield
problems of interest in this discussion was 75 feet and the shield
radius was five feet. These problems were run for cases where (1)

the shield was located midway between the source and detector,
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(2) the shield was split into two equal segments wlth one segment
located one-=third the way from the source to the detector and the
other segment two-thirds of the way, and (3) the shield split into
four equal segments, with a segment located at 1/5, 2/5, 3/5, and 4/5
of the distance between the source and detector. The configurations
for these problems are denoted as (1/2), (1/3, 2/3), and (1/5, 2/5,
3/5, 4/5), respectively. The results for each configuration are
shown in Table V.,

TABLE V

NEUTRON FLUXES FOR VARIOUS SHIELD CONFIGURATIONS

Uncollided Flux Total Flux

Configuration (n/cm2-sec) (n/cm2-sec)
(1/2) 2.5x10~11 2,U4x10-10
(1/3, 2/3) 1.92x10-11 9,6x10-11
(1/5, 2/5, 3/5, 4/5) 2,4x10"11 7.9x10~11

The results shown for Configuration (1/3, 2/3) are the average
of the results given in Table 6 of Reference 9 for problems 62 and
62A, These results show that splitting the shield into two segments
reduces the flux in the detector cavity by 60% and that splitting it
into four segments reduces the flux by 67%.

The uncollided flux should be the same for all three configura-
tions. A hand calculation performed later in this study to determine
the direct-beam component gave 2.88x10-11 n/ecm2-sec as the uncollided

flux, so that the uncollided fluxes in Table V appear to be under-
estimates, especially that for Configuration (1/3, 2/3).
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An examination of the geometries shown in Figure 21 for
Configurations (1/2) and (1/3, 2/3) reveals that none of the neutrons
incident on the shield in Configuration (1/2) will enter the shield
at an angle greater than 16 deg. Similarly, there will not be any
neutrons entering the shield of Configuration (1/3, 2/3) at angles
greater than 23 deg. It appears, then, that the results for the mono-
directional source, as described in Section 3.1.4, can be used to
examine these configurations. These results indicate that expansion
of the shield toward the source reduces the flux at the detector, and
that expansion of the shield toward the detector increases the
detected flux., In expanding the shield toward the detector, it was
noted that the effect of an increase in shleld transverse leakage was
less than the effect of moving the scattering centers closer to the
detector.

Another thing to note about the two configurations 1llustrated
in Figure 21 1s that twice as many source neutrons will enter the
shield in Configuration (L/B, 2/3) as will enter the shield in
Configuration (1/2). It is not evident that the additional trans-
verse leakage that might be expected in Configuration (1/3, 2/3) over
that in Configuration (1/?) will be great enough to overcome the
effect of adding more source particles into the shield system and
the effect of moving the scattering points in the second section of
Configuration (1/3, 2/3) toward the detector.

In order to settle some of the questions raised on the magnitude

of each of the effects just discussed, problems using the geometries
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of Configurations (1/2) and (1/3, 2/3) were prepared and run on the
General Electric Flexible Monte Carlo Code FMC-N (Ref. 10), The
results of the FMC-N calculations gave 3.52x10‘9 n/cm2-sec for
Configuration (1/2) and 5.59x10-9 n/cm®-sec for Configuration

(1/3, 2/3). It is to be noted that these fluxes are considerably
higher than those given in Table V and that the flux in the detector
cavity of Configuration (1/3, 2/3) is higher than that in the cavity
of Configuration (1/2).

In addition to giving the total fluxes, the FMC-N code prints out
the number current leaking out of the mailn geometry into outside
regions. The flux estimator used in the FMC-N total flux calculations
is based on the method of statistical estimation, whereas the
current-leakage estimator is an analog estimator. These current-
leakage results, normalized to one particle per second entering the
shield, show that the leakage into Outside Regions III and IV of
Configuration (1/2) is approximately the same as the leakage into
Outside Regions III, IV, and V of Configuration (1/3, 2/3). The
fraction of the neutron leakage into Outside Region VII of Configura-
tion (1/3, 2/3) per neutron incident on the shield was about 80% of
the leakage into Outside Region VI of Configuration (1/2).

Based on the fact that twice as many of the neutrons leaving the
source will enter the first shield segment of Configuration (1/3, 2/3)
as will enter the shield in Configuration (1/2), it was found that
about 40% more neutrons will enter Outside Region VII of Configura-~
tion (1/3, 2/3) as will enter Outside Region VI of Configuration (1/2).
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The ratio of the leakages lnto Outside Region VI of Configuration
(1/2) and Outside Region VII of Configuration (1/3, 2/3) is approxi-
mately the same as the ratio obtained from the expectation fluxes in
the detector cavities of both configurations.

The differences in the magnitudes of the fluxes computed by the
use of FMC-N and those shown in Table V, as well as the faét that the
FMC-N results do not support the conclusions given in Reference 9,
are disturbing. Because of the importance of the problem of obtaining
a minimum-weight reactor shield for spacecraft applications, it is
recommended that further work Ee performed to investigate the concept

of split shlelding.
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IV, CONCLUSIONS AND RECOMMENDATIONS

4,1 Radiator Scattering

For the particular type of spacecraft geometries treated in
Section 2.4,2 of this report, it will be necessary to shield against
the scattered neutrons as well as the direct-beam neutrons and gammas.
The scattered neutrons, due to low-energy radiation leaking from the
reactor, will be somewhat easier to shield against than the direct-
beam neutrons. As can be seen from the results in Section 2.3.2, it
will not be necessary for the reactor shield to be such that all parts
of the radiator are shielded to the same degree. Considerable savings
in weight can therefore be made by properly shaping the shield. It
may also be possible to obtain a minimum-weight shield by placing
shielding around the payload.

Since the scattered neutron flux is a significant component,
improvements in the methods fer calculating this component should be
developed in order to remove some of the uncertainties discussed in
Section 2.4,1.

With regard to the study of radiator scattering of neutrons, the
following recommendations are made,

1. The effect of shielding should be considered. In particular,

the possibility of obtaining a minimum-weight shield by
proper shaping and placement should be investigated.

2. The methods of analysis should be improved by determining
the importance of attenuation in the scattering calculations;

~ 4~ Rt 1y 4 athad AP a1 AInes at4+Aa At tArn 2
J..L J.uuuu vO Llppulivalivy a meTnodéd oI .J.uu.x.uu..:.ué acvitenuation in

the scattering calculations should be provided.
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The development and use of improved methods for calculating
neutron source terms should be considered.

Calculations should be performed to determine the secondary
gamma fluxes due to neutron activation of the radiator,
Program SO6 can be used in its present form to carry out
these calculations for both prompt and decay gammas.

4,2 Direct-Beam Shielding

The following recommendations are made concerning the study of

direct-beam shielding:

1.

2.

The effect of shield placement per se should be given
further study.

The combined effects of splitting, expanding, and placement
should be studied with realistic spacecraft geometries and
SNAP reactor leakage spectra.

Direct-beam shielding should be considered in connection with
radiator scattering, since the location of the direct-beam
shielding could have a marked effect on the neutron flux
incident on the radiators.

Effort should be directed toward resolving the apparent
differences between TRG and GD/FW results for the split
carbon shield discussed in Section 3.2. (This also points
up the need for further study of shileld-splitting, expansion,
and placement, )
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FORTRAN STATEMENTS FOR S06
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READ 350 o (DELX (K) 9K=1 oNA ) 2
READ 350 »(DELY (K) oK=1 sNA )

FORMAT {(6F10e3 )

READ 360 (ATOMINU) o NU=1s NUMAX )

FORMAT (6E10e4)

READ 370, , € yurs (Nu) sNU=1 aNUMAX )
FORMAT ( 6F1043 ) ' :
IF (XSLIB - YSLIB ) 9000 1100 +9000

PRINT 9010 °
FORMAT (17H1 WRONG L1BRARY )

CALL END 9

LBCK =0

DO 1160 I=1 » NUMAX

DO 1150 J=1 » LB

IF (XLIstJd) -yLIisern 1150 +1140 51150

LBRD(I) = U
LBCK =LBCK + 1
CONTINUE
CONTINUE

0

IF  (LBCK ~NUMAX) 9100 11200 59100
PRINT 9110

FORMAT (52H1 LIBRARIES LOADED DO NOT AGRtt WITH THOSE REQUESTED

CALL SUB M :
PRINT 9250, PHIT .
FORMAT (29H TOTAL FLUX AT DETECTOR IS s 1P1E10e43 )

PRINT 9260

FORMAT(43H0 FLUX SPECTRUM AT DETECTOR BY INCREASING L)
PRINT 9270+ (PHIL(L) sL=1s NE)

FORMAT (1HO#1P6E1Q3) v

PRINT 9280

FORMAT(43H0 TOTAL FLUX FROM SUB AREAS BY INCREASING K)
PRINT 9290 {(PHIK(K) +K=1 sNA)

FORMAT (1HQ+1P6E10e3)

PRINT 9300

FORMAT (39H0 FRACTION OF TOTAL FLUX FROM SUB AREAS)
PRINT 9310 o+ (PHIK2(K) s K=1s NA }

FORMAT (1HO,1P6EL103)

DO 9311 K=1 s NA
PRINT 9312 K
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0ll4
0115
0l1é
0117
0118
0119
0120
olzl
0l22
0123
0124
0126
o127

0128

0130
0131
0132
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
015%
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0l66
0170
0171
0172
0173

-

SN6
506
SC6
506
506
$06
506
S06
506
506
506
506
sS06
$06
506
506
506
506
506
506
506
506
566
506
S06
506"
S06
506
506
506
S06
S06&
S06
506
506 -
S06
506
506
S06
S06
Sn6
506
5C6
S06
S06
S06
506
506
S06
S06
506
506
sS06
506

017315066
01732506

e tiormei i g



1212 FORMAT (36H0 FLUX BY INCREASING 1

| FORTRAN Statements for $06 (Cont'd)

FUR SUB AREA

)

YO(K)
s NA)

s 12

"OF SUB AREAS )

)

T (42H0 SOURCE DETECTOR SEPARATION DISTANCE IS  +1PE1I03

2895)

S

EZEDS EZEBLAEZEB3 EZEBG4 EZEBIAEZEBS

sPHIL(15)

»SY (100}

VSTGEL (159251 550159209200 .

sLLMAX(25)

v

sPHIL
s SY

» X0

sy SIGEL

s LLMAX
s L1BNO

W LBCK

s THICK o NX 1
sV 'Y
ofF1 WPHIT

sCON3 +CONg

PRINT 9313, ( PHI (KsL} s L= Is NE
313 FORMAT (1HO+1P6E10.3)
411 CONTINUE
IF (SENSE SWITCH 2 ). 9315 » 9375
2214 PRINT 9320
a370 FORMAT (48H0 COORDINATES OF LOWER LEFT CORNER
PRINT 9330 i ‘
9330 FORMAT (37HO K X0{K)
PRINT 9340, (K +X0(K) sYO(K) sK=1
9340 FORMAT (1HOs 17 91F14-2\y 1F11e2)
PRINT 9370 o SEP : ‘
9370 FORMA
9375 GO TO 1000
END :
* STRAP FORTRAN
* LISTS
CS5065BM JACK GRIGSBY (E & JONES
EZE EZEC1 EZED2 EZED3 EOF
SUBROUTINE suBM
DIMENSION
1S0URCE(15) sPHIK(20) sPHIK2(20)
C
2SUMLL(5) yP(10) sSX(100)
C
L 3R1(20) s ALPHALI20)sF(25+15410)9X0(20)
C
4DELX(20) s DELY (20)sATOM(S)
C
SNPX(20) s NPY (20) 2KT(20)
6XLYB(25)sLBRD(5)
COMMON !
1SOURCE sPHIK sPHIK?2
C
2SUMLL P » SX
C
3R1 sALPHAL 'F
c i
4DELX sDELY s ATOM
C . ,
SNPX sNPY ~ - o KT .
6XLIB o1 s XL IBNO
C
L8 sYSLIRB » LBRD
C
8Ll ' XID
C
COMMON “
1NA 1 X1 sY1 DX s N X sNE
C .
2DY o NY sNYM o XNY sSLOPEsNY1
C .
. 3R sDSU  WSEP 4D sy THETASFMU
\ c ! v
H4FNPY +YM sMMAX +NMAX »CON1 +CONZ
c !

80

yPHI(20915) s
W SIGIES5) ’

oYO(Z?) ’

sYLIBL(S) ’
WPHI )
+ 516 ’
' YO ’
9 S ’
»YLIBY
s XSLIBo
s NU [}
SVI X ’

s ALPHA +RSQ ’
FNPX XM ’

s LLMAXT oXLL s

i

01733506
01734506
01735506
01736506

0174
0178
0179
0180
o181l
0182
0183
0192
0193
0198
0199
MOO1

M002

MO03
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015

0016

0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0040
0031
0032
00313
0034
0035
0036
0037
0038
0039

$06
506
506
506
sqe

S06 .

506
506
S06
506
506
506

S06

506
$06
506
506
506

506
506’
506
506

S06
S0é
506
506

S06 -

506
506
506
s06
506
S06
506
$06
506

506

S06
506
506
506
506
506
506
506
506
506
506
S06
S06

=



"FORTRAN Statements forr 506 (_Cpp_t_’gl)_ ,

SNUMAX s STGMA ‘ 0040 506

DO 9000 K=1 » NA MO42 S06
X1=X0(K) ) ; MO43 S06
Y1=YO(K) : MOGL S06
DX=DELX(K) | MO45. S06
NX=MPX(K) v \ MO46 S06
C , - : \ . MC4T S06
. DO 8100 L=1s¢NE _ t MO4E S06
PHI(KsL}1=040 ‘ _ ' . MO049 S06

8100 CONTINUE ‘ . MO50 506

; MOS1 $06

¢ CALCULATE SX FOR ALL I ; . Mg52 S06
C , ’ : ! MO53 $06
SX(1)= THICK %¥DX/3 0 : MC54 S$06
SXINX) =SX(1) o MO5% $06
NX1=NX=1 : © \ MOS6 S06

DO 8200 I=2.NX1 : _ : ! MO5T $06

vi=| ‘ ‘ o MOS8 S06
SX{I)=SX(1)%#({MODF{2e0%(VI+140)9440)+240) : MO59 S06

8200 CONTINUE { - M060 S06
; MO&1 S06

C DO LOOP FOR SUMMING OVER X " M062 S06
NPXX=NPX{K) ) MO63 506

DO 8000 1=14NPXX MO64 S06

vi=1 . MO65 506
X=X1+(VI-140)#DX . MO&6 506

C GEMERATE Y MESH _ . MO6T S06°
IFIKT(K)=1 ) 7100 37200 57200 ' MO68 S06

7100 DY=DELY(K) 4 , MO69 506
NY=NPY (K) . MO70 S06
GO TO 7300 ' : _ MOT71 SO6

C MO72 S06

7200 NY=3+(1-1)%2 MO73 S06
NYM=NY -1 : MCT74 S06
XNY =NYM , MO75 S06
DY=SLOPEH (X=X1)/XNY , MOT76 S06 -
NPY(K) = NY~ : ‘ MOT61506
GO TO 7300 MOT7 S06

C CALCULATE SY FOR ALL J ' MO82 S06

7300 SY(1) =DY/3.0 M0O83 506
SYINY} = SY(1) MOB31506
NY1=NY-1 , MOBL $06
DO 7400 J=2sNY1 ' MOBS5 S06
VJ =J ' MOB6" S06
SY(J) = SY(1) % (MODF(2e0 * (VJ+1e0)s 4e0) + 240) MQOB7 S06

7400 CONTINUE M0B88 S06
NPYY = NPY(K) ' : MO90 S06
DO 7000 J=1sNPYY M0O91 S06
vJ=J MO92 'S06
Y=Y1+(VJ-1.0)%DY M093° S06

C : o , . : MO94 S06
IF ( X ) 7310s 7320 » 7330 ' MO9% S06

7310 ALPHA = 90,0 + - ATANF {(=X/Y ) ) ¥ 57,296 : M0952506
GO TO 7311 M0953506
7320 ALPHA = 90.0 . M0955506

GO TO 7311 ' _ , M0956506
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_FORTRAN Statements for 506 (Cont'd)

7330 ALPHA = (- ATANF {Y/X )L ) # 574296

M0958506
GO TO 7311 M0959506
_ MO96 506
7311 RSO =XHRD Y EHD MO97 S06
<, ' M0O98 S06
R ‘ =SQRTF (R5Q) MOY9 506
CALL SUB1 (KslsJ) M100 $06
DSO =RSQ + SEP¥%2 -2,0%S5EP#*X M101 $06
C SUB1 1S SOURCE CALCULATION M102 S06
D =SQRTF(DSQ) M103 S06
FMU = ( SEP*¥2 - RSQ - DSO ) ( 2+0%R%D) M104 506
: F1l = SXUI)% SY{J)/DSQ M106 S06°
C ' M107 $06
IF  (SENSE SWITCH 3 ) 7430 s 6000 M108 S06
7430 PRINT 7435 4K o1 »J _ M109 $06
7435 FORMAT (44HO XsYsALPHASRsDsTHETASFMUy AND F1 FOR K I J 15515515 )M110 S06
. PRINT 7440 sXsYsALPHASRsDsTHETAFMUs. F1 ' Mlll S06
7440 FORMAT (1HO1PBE10N#3) M112 S06
6000 CALL SUB2 (KslsJ) M114 S06
C © SUB2 1S NEUTRON CALCULATION CONTAINS DO LLOOP OVER ENERQY M115 $06
7000 CONTINUE ‘ M121 S06
8000 CONTINUE M122 506
9000 CONTINUE M123 S$06
C M124 506
C . M125 S06
C CALCULATE TOTAL AND FRACTIONAL FLUXES M126 S0Q6
7425 PHIT =040 M127 506
| DO 9100 K=1 » NA M128 $06
PHIK(K}) =040 M129 506
C M130 506
DO 9050 L=1 » NE M131 S06
PHIK(K) =PHIK(K) +PHI(KsL) M132 $06
9050 CONTINUE M133 S06
C M134 S06
PHIT =PHIT + PHIK({K) M135 'S06
9100 CONTINUE M136 S06
C : M137 S06
DO 9150 K=1 sNA M138 506
C M139 S06
PHIK2(K) = PHIK(K)/PHIT M140 S06
9150 CONTINUE ' M141 S06
DO 9200 L=1 sNE M148 S06
C M149 S06
PHIL{L) =040 M150 $06
C M151 S06
DO 9175 K=1 » NA M152 S06
C M153 $06
PHIL(L) = PHIL{L)+ PHI(KsL) M154 506
9175 CONTINUE - M155 506
9200 CONTINUE M156 S06
9207 RETURN . M176 $06
END M177 S06
#* STRAP FORTRAN 1001 3506 .
* Listes :
C5065SB1 JACK GRIGSBY +E F JONES  2895) 1002 506
EZE EZEC1 FZED2 EZED3 FOF FZEDS FZFRIAFZER3R FZER4 EZER1AEZEBS
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. | FORTRAN Statements for $06 (Cont'd)

SURROUTINE SUBY(KeIeJd) . 2C03 S06

DIMENSTON 0CCH 506
150RCE(15) sPHIKI(20)  sPHIKZ(20) sPHILI{15) #PHI(20s15) 0005 06

: 0006 06

2SUMLL(5) SPULN) sSX(100)  $SY(1CO) sSIGE5) s 0007 $06

p - . ‘ 0008 S06

3R1120) SALPHAL(20)sF(25+15+10)9X0(20) s Y0 (20) : ’ 0009 S06

. : . 0010 $06

GDELX(20) sDELY (20) sATOM(5) sSIGEL(15925) 950159209201 0011 $06

: : . ] . ' 0012 506

ENPX(20) sNPY (20) sKT(20) sLLMAX(25) sYLIB(5) s 0013 506
6EXLIB(25)sLBRD{5) . , 0014 S06
COMMON S ) . 0015 506
1SOURCE sPHIK s PHIK? W PHIL T aPHIT 0016 506

. ' 0017 S06

2SUMLL " WP »SX s SY »S16G . 0018 $06
. o 0019 $06

3R1 +sALPHAL sF s X0 sYO ’ 0020 $06

' 0021 S06

4DELX sDELY s ATOM s STGEL +5 ’ . 0022 S06
0023 506

SNP X sNPY s KT s LLMAX sYLIB, 0024 S06
6XL1IB » sL1 s XLIBNO | s LIBNO TXSLIB 0025 06

_ . ; 0026 S06

7L8 sYSLIB sLBRD s LBCK o+ NUJ s 0027 S06

i . - 0028 %06

8L1 _ s X1ID - ' ' 0029 S06

: - 0030 $06

COMMON o _ _ : 0031506
INA » X1 sY1 s DX s NX sNE s THICKsNX1 VI s X s 0032 $06
0033 S06

2DY SNY sNYM  oXNY sSLOPESNY1 ~ sVJ 'Y sALPHA»RSG s 0034 S06

' 0035 S06

3R +DSQ  +SEP 4D sTHETASFMU  sF1 sPHIT SFNPX s XM ’ 0036 $06

: _ : 0037 $06

GFNPY »YM sMMAX sNMAX »CON1 sCONZ2 sCON3 sCON4 sLLMAXL sXLL » 0038 $06

» : 0039 %06

5NUMAX » STGMA v 0040 S06
IF {R-R1(1)} 20s 2 s2 . 1042 S06

2 IF (ALPHA =ALPHAL(1)) 2055 1043 $06
{ : : 1044 $06

5 DO 10 M=1 sMMAX , » : : 1045 S06
IF (R1(M}-R ) 10 40 40 : ‘ 1046 506

10 CONTINUE p . 1047 $06
20 PRINT 30 B ' P - ' 1048 $S06
30 FORMAT ( 48H A VALUE OF R1 OR ALPHAl CALLS FOR EXTRAPCLATION) 1049 $06
PRINT 31sKslLslsJ : 10491506

31 FORMAT (31HO XsYsRsALPHA FOR KslsIsJ OF 415 ) 10492506
PRIMNT 32s XsYoRsALPHA , , 10493506

32 FORMAT (1HO +1P4F10e3 ) P 10494506
PRINT 33 : _ 10495506

33 FORMAT <{33H0 MIN AND MAX IMPUT R AND ALPHA ) ‘ 10496506
PRINT 34s (R1(1)sR1{MMAX)sALPHAL(L)sALPHAL (NMAX) ) ‘ 10497506

34 FURMAT (1HO s1P4E10e3) 10498506
CALL AUTO | 1050 $06

N,

\\
.

40 DO 50 N=1 o NMAX 1051 506



IF (ALPHAL(N)

50 CONTINUE

'FORTRAN Statements for S06 (Cont'd)’
. ’ \ e

—-ALPHA)

50 160

84

960

K 1 AND J OF+15 515 15 )

sPHI(20+15)

s S51G(5)

+Y0 (20}

]

sSIGEL(15925)95015+2020)

sYLIB(5)

GO TO 20: .
60 CON1 ={ALPHA-ALPHAl{N~1))/(ALPHAL1(N)-ALPHAl(N~-1))
DO 100 L=1 oNE ‘ :
CON3=S{LsM=-1sN=-1) +CONIH*¥{SILsM=1eN}=S(LsM=1sN=-11)
C
COM4=S(LaMyN=-1) +CONI#{S{LeMeNI-S{L sMsN-1))
C . R o ’
SOURCE(L)=(CON3 % RI{M~1)1#%2+CON4 *#RTI(MI*%2 ) /[ (240%R¥%2)
c . .
100 CONTINUE
: IF (SENSE SWITCH 4 ) 65 9110
C
65 PRINT 70 % K o 1 » . .
70 FORPMAT (37HO SOURCES FOR AlLL L FOR,
PRINT 75 » ( SOURCE{(L)s L=1 s NE )
75 FORMAT 1P6E1Q.3)
C ,
110 RETURN
END
* STRAP FORTRAN
* LISTS
506582 JACK GRIGSBY (E E JOMES 2895)
EZE EZEC1 EZED2 EZED3 EOF . EZEDS FZFEB1AEZEB3 EZEB4 EZEBLAEZEBRS
SUBROUTINE SUB2 (KslsJ)
DIMENSION »
1SOURCE(15) sPHIK(20) sPHIK2(20) »PHILI(15)
C
2SUMLL(5) sP(10) s SX(100) | »SYL1100)
c | v |
3R1120) sALPHAL(20)sF{25415410)sX0(20)
c .
4DELX(20) sDELY (20)sATOM(5)
C ' .
5NPX(20) sNPY (20) 2KT(20) sLLMAX(25)
6XLIB(25) sLBRDI(5)
COMMON v ‘
1SOURCE sPHIK s PHIK2 “wPHIL sPHI ’
C . .
2SUMLL P *» SX s SY 2 S1G ’
C
3R1 . sALPHAL oF s X0 + Y0 ’
C .
4DELX sDELY 2 ATOM s SIGEL S ’
C
SNPX s NPY s KT s LLMAX yYLIBY
6XLIB sl 1 + XLIBNO s LIBNU s XSLIB,
C : .
7.8 sYSLIB s LBRD s LBCK s NU ’
c .
sL1 ' XID
C
COMMON .
INA ' X1 1Yl »DX sNX  oNE s THICKsNX1T VI + X

L]

1052
1053
1054
1055
1056
1060
1061
1062
1063
1064

1065

1066

S06
506
506
S06
506

506

S06
$06
506
506
506
506

10661506

1067
1068
1069
1070
1071
1072
1073
1075
1076
2001

2002

2003
0004
0005
0006
0007
0008
0009
co1laq
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027

‘0028

0029
0030
0031
0032

506

506
S06
506
506
506
S06
506
S06
506

506

$06
506
506
s06
506
$06
S06
506
$06
S06

506

506
506
506
506
506
506
506
506
$06
506
506
S06
506
506

$06

506
506
506 -
$06



AN

[ NaNa!
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60

FORTRAN Statements for 506 (Cont'd)

20Y sNY sNYM 9 XNY  +SLOPESNY] Vi s Y s ALPHAWRSQ ’

3R sDSG o SEP oD sTHETASFMU  oF 1 sPHIT SFNPX oXM ’

4FNPY oYM sMMAX sMMAX »CONI sCONZ +CON3 sCON4 SLLMAXL oXLL »

SMUMAX ¢ STGMA

1

DIMENSION AND CCMMON GO HERE

CALCULATE LEGENDRE COEFICIENTS FOR CROSS SECTION CALCULATION
Pll)=1.0
Plzy=FMU

IF (LLMAX] =2) 100 9100 60
DO 70 LL= 3 SLLMAX1
KL=l

PeLL) =H (20¥XLL-3.0) % FMyY % PLLL-1) ={XLL=240)%P{LL=-2))/

(XLL-140)

70 CONTINUE

100

790

800

803

801
802

815

820

DO LOOP OVER FEMNERGY
DO 900 L=1 s NE

CALCULATE MICROSCOPIC CRUSS SECTIUNS SIG  (NUY

DO 800 NUP=1 H»NUMAX
NU = LBRD{NUP)

SUMLL (NUP) =040

LLM= LLMAX (MUY
DO 790 LbL=1 oLLM
XLL=LL

SUMLL (NUP) =SUMLL (NUP ) + (2 0%¥XLL=140)%F (NUsLsLL)¥P(LL) /1245664
CONTINUE

SIGINUP)= STIGEL (L eNU)* SUMLLINUP)

CONTINUE

CALCULATE MACROSCOPIC CROSS SECTIONS

SIGMA =040

DO 810 NU=1 s NUMAX
SIGMA = SIGMA + ATOMINU} % SIG(NU)

CONTINUE
PHI(KsL) = PHI(KsL)+SOURCE(L)®STOMA #F]

IF (SENSE SWITCH 6 ) 801 900

PRINT : 302 s K o] oJ sL ¢« 5 ITGMA

FORMAT (26H0 K I J L AND SIGMA 19415415+ 1591P1E10e3)
PRINT 815 )

FORMAT (29H0 PHI(XKsL) SOURCE(LY AND F1 )

PRINT 820 sPHI (KoL) e SOURCE(L) « F1

FORMAT (1P3E1N.3)
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0033
0034
0035
0036
0037

0038

0039
0040
2041
2042
20473
2045
2047
2048
2049
2050
2051
2052
2003
2054
2055
2056

~ 2060

2061
2062
20673
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2082
2083
2084
2085
2086
2088
2092
2093
2094
2095
2089
2090
2091

506
S06
S06h
506
S06
506
506
506
506
506
506
506
506
506
506
506
506

S0é

506
S06
506
506
506
506
506
S06
506
506
S06
S06
S06
506
SD6
506
506
S06
506
506
506
S06
506
S06

506

506
506
S06
506
506
506
S06
506
506

20961506
20962506
20963506
20964506






APPENDIX B

INPUT AND OUTPUT FOR SO6 SAMPLE PROBLEM
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Problem Data for S06

53890100012 S06

6 1 9 10 0.58 53890100022 506
913.0 509321.0 0.45 53890100032 506
79 15 61 49 55 45 53890100042 506

9 0 9 0 35 15 53890100052 506

0 1 c 1 0 0 53890100062 506
97.540 97.54 198.700 198.700 650,700 650.70 53890100072 S06
50.59 92.05 92.05 155.40 155.40 50.59 53890100082 S06
7.092 7.229 7.533 9.417 71.620 7.239 53890100092 506
5.181 0.0 T.925 0.0 7.676 T.493 53890100102 506
«0602+00 , / 53890100112 506

511223.0 L A , 53890100122 S06
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1

10

24.0
0.0
2472406
B.97406
6.83+06
7.53+06
6.83+06
1.64+06
2.57+06
1.93+06
2.20+06
1.93+006
1.02+06
1.33+4006
9.90+05
1.14+06
9.90+05
6.11+405
2.76+05
1.90+05
2.27+05
1.90+405
3.55+05
1.19+05
8.30+04
9.87+04
8.30+04
1.06+05

2.82+04

1.98+04
2.38+04
1.968+04
3.18+04
6.28+03
4.44+03
5.,41+03
4.44403
8.20+03
1435403
9.67+02
1.19+03
9.67+02
254402
5.82+401
4.28+01
531401
4.,28+01
8.57+00
192400
1.44+00
1.81+00
144400

5

180.0
30.0
2.18+04
9.43+04
1.11405
1.42+05
1.11+05
1.32+404
2.62+04
3.15+04
4.11+04
3.15+04
8.34+03
1.35+04
1.62+04
2.14+04
1.62+04
5.12+03
2.81+03
3.06+03
4,31+03
3.06+03
3.04+03
1.22+403

. 134403

1.86+03
1.34403
9.43+02
2.87+02
3.22+02
4.46+02
3.22+402
3,69+02
6.31+01
7.26+01
1.01+02
T.26+01
1.14+02
1.35+01
1.59+01

 2.23401

1.59+01
2.41400
5.73~-01
7.06-01
9.99-01
7.06-01
T.48-02
1086‘02

2.39-02 "

3.‘02"02
2.39-02

5

305.0
60.0
T.24+03
3,27+04
3.92+04
4.92+04
3.92+04
4,38+03

9.08+03

1.11+04
1.43+04
1.11404
2.77+403
4.68+03
5.70+03
7.414+03
5.70+03
1.71+03
9.69+02
1.09+03
1.49+03
1.09+03
1.01+03
4.19+02
4,72+02
6.44402
4.72402
3.16+02
9.87+01
1.144+02
1.54+02
lel14+02
1.27402
2.17+401
2.58+01
3.50+01
2.58+01
4.,00+01
4.62400
5.66+00
T.70+00
5.66+00
8.15-01
1.94-01
2051"'01
3,45-01
2.53-01
2.51-02
6.27-03
B.57-03
1.18-02
8.57-03

650.0
90.0
1.53+403
7.14+403
8.654+03
1.08+04
8.65+03
9.30+02
1.98+03
2.45+03
3.12+03
245403
5+89+02
1.02+03
1.26+03
1.62+03
1.26+03
3.63+402
2.11+02
2441402
3.26+02
2.41402
2.16+402
9.144+01
1.06+02
1.41+02
1.06+02
6.76+401
2.15+4+01
2.54+401
3.37+01
2.544+01
2.77+01
4,72+00
5.73400
T«64+00
5.73+00
B8.86+00
1.00+00

7000.0
120.0
1.32+01
6.16+01
Te46+01

" 9.31401

1.26+00

1.68+00
1.26+00
10 76—01
4,24-02
5.63-02
1.52-02
. 5'63_02
5. 36"'03
1.37-03
1.91-03
2.57-03
1.91-03

i

T.46+01
8.01+400
1.71+01
2.11+0]
2.69+01
2.11+01
4.33+00
8.79+00
1.09+01
1.40+01
1.09+01
3.13+400
1.82+00
2.08+00
2.81+00
2.08+00
1.87+00
7.88-01
1.22+00
9.14-01
5.83-01
1.85-01
2.19-01
2.91-01
2.19-01
2.39-01
4.07-02
4 94'02
6.59-02
4. 94"02
T.64-02
8.62-03
1.09-02
1.45-02
1.09-02
1.51-03
3. 66'0‘0
‘lo 85"010
6.48-04
4. 85_04
& 62-05
1.18-05
1.65-05
2.22-05
1. 65-05

[ ——

50

5093210001L
509321000201
5093210003L
5093210004L
5093210005L
50932100061
5093210007L
5093210008L
5093210009L
5093210010L
5093210011L
5093210012L
5093210013L
5093210014t
5093210015L
5093210016L
5093210017L
5093210018t
5093210019L
5093210020L
5093210021L
5093210022L
5093210023L
5093210024L
50932100251
5093210026L
5093210027L
5093210028L
5093210029L
50932106030L
5093210031L
$093210032L
5093210033L

- 5093210034L

5093210035L
5093210036L
5093210037L
5093210038L
5093210039L
5093210040L
5093210041L
5093210042L
5093210043L
5093210044L
5093210045L
5093210046L
5093210047L
5093210048L
5093210049L
5093210050L
5093210051L
5093210052L
5093210053L
5093210054L
00054

506
S06
506
S06
506
506
506
506
S06
S06
506
S06
506
506
S06
506
506
So0é
506
506
S06
S06
S06
S06
506
S06
S06
S06
S06
S06
S06
S0é
506
506
506
506
S06
506
506
S06
SQ6
506
506
S06
506
S06
506
S06
S06
506
S06
S06
S06
S06



2

9
3,6+00
0.86+00
1.0+00
0.0+00
1.0+00
0,0+00
1.0+00
0.0+00
1.0+00
0.0+00
1.0+00
«003+00
1.0+00
« 022400
1.0+00
+067+00
1.0+00
«112+00
1.0+00
«201+00
1.0+00
«237+00

10
2.7+00
0.67+00
.082+00
0.0+00
«256+00
0.0+00
+321+400
0.0+00
+390+00
0.0+00
«449+400
0.0+00
«530+00
.003+400
+ 590400
«016+00
«622+00
.031+00
«.680+00
«105+00
« 709400
.162+00

Cross-Section Library for S06

3.03+400
0.69+00
.004+00
0.0+00
. 072400
0.04+00
«115+00
0.0+00
«175+400
0.0+00
.250+00
0.0+00
«410+00
0.0+00
.482+00
0.0+00
«502+00
.006+00
«514400
+036+00
«509+00
077400

2.29+00
0.85+00
0.0+00
. 004+00
«015+00
«030+00
« 049400
«182+00
«307+00
« 365400
« 422400

«432+00

1.85+00
0.0+00
0.0+00
.004+00
.015+00
»036+00
«147+00
«242400
«292400
« 350400

«375+00
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1.24+00

0.0+00

0.0+00

0.0+00
.003+00
.013+00
«062+00
«146+00
«208+00
.288+00

«305+00

5112230001L
5112230002L
5112230003L
5112230004L
9112230005L
5112230006L

5112230007L

5112230008L
5112230009L
5112230010L
5112230011t
5112230012L
51122300130
5112230014tL
5112230015¢L
5112230016L
5112230017L

~51lz2230018L

5112230019L
5112230020L
5112230021L
5112230022L
5112230023L
5112230024L
00024

S06
S06
S0e
S06
S06
S06
506
506
S06
S06
506
S06
S06
S06
506
So6
S06
S06
506
S06
S06
506
506
So6



Output for 506

GENERAL UrWNAMICS/FORT WORTH S06 PROB

TOTAL FLUX AT DETECTOR IS 1.682+02

FLUX SPECTRUM AT DETECTOR BY INCREASING

1.047+402 3.240+01 2.114+01 6.270+00

l1.601-01 3.822-02 8.353-04 3.080-05

TOTAL FLUX FROM SUB AREAS BY INCREASING

2.983+401 6.429+00 2.286+01 3.097+01

FRACTION OF TOTAL FLUX FROM SUB AREAS

1.774-01 3.823-02 1.359-01 1.841-01

FLUX BY INCREASING L FOR SUB AREA 1

1.639+401 6.335+00 4.624+00 1.438+00

6.789-02 1.763-02 4.380-04 1.674~05

FLUX BY INCREASING L FOR SUB AREA 2

4.196400 1.240+00 7.973-01 1.367-01

7.371-04 8.219-05 1.122-06 4.058-08

FLUX BY INCREASING L FOR SUB AREA 3

1.318+01 4.763+400 3.363+400 9.595-01

2.620-02 5.727-03 1.007-04 2.981-06

FLUX BY INCREASING L FOR SUB AREA 4

2.075+401 5.672400 3.526+4+00 7.056-01

4.572-03 6.658-04 1.700-05 B8.611-07

FLUX BY INCREASING L FOR SUB AREA 5

2.457+01 5.242+00 2.886+00 6.687-01

6.982-03 1.689-03 4.209-05 1.650-06

FLUX BY INCREASING L FOR SUB AREA 6

2.561+40L 9.145+00 5.942+00 2.362+00

5376-02 1.243-02 2.363-04 8.523-06

92

538901 DATE

L

2.867+00

K

3.365+01

2.001-01

7.393-01

5.075-02

4.581-01

2.7‘07"’01

2.”19-01

1.102+00

8-27-62 PAGE

6.070-01

4.444+01

2.643-01

2.152-01

6.988-03

1.056-01

3.544-02

3.184-02

2.120~-01

1
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FORTRAN STATEMENTS FOR S14

93







*J0B
®
*
Cs514
EZE
c
C
c
c
c
C
C
c
C
o
10
o
20
o
c
c
35
40
45
360
370
C
60
50

FORTRAN Statements for 514

9247 86 JACK GRIGSBY (E E JONES 2895) S.N. 801184
STRAP FQORTRAN
LISTS
JACK GRIGSBY (E E JONES 2895)
EZEC]1 EZED2 EZED3 EOF EZEDS EZEBLAEZEB3 EZEB4 EZEBLAEZEBRS
DIMENSITON
1SOURCE(LS)y PHIK(20), PHIK2{20) , PHIL{L15), PHI(20,415),5%X{100),

25Y{100} y» R1(20) , ALPHAL(20),X0(20} , YO(20) » DELX{Z20),
3DELY(20) 4 S(15,20,20)NPX{20) ,NPY(20) , KT({20) » EOLL15)

4E(15)
COMMON
1SOURCE ,PHIK ,PHIKZ ,PHIL ,PHI ,SX ,SY ,R1 ,ALPHALl ,X0, YO,

2DELX sDELY 5 s NPX JNPY KT ,XLIB ,L1 +XLIBNO ,LIBNO,
3XsiLig  ,LB + X1D sNA X1 ,¥Y1 +DX 4NX yNE ,THICK ,NX1,

4¥1 4 X 4DY GNY SNYM H,XNY ,S5L0PE JNY1l4VJ ,Y +ALPHA ,RSQ ,

YR yUSQ SEP,D ,FMU 4F1 ,PHIT ,FNPX ,FNPY , MMAX ,NMAX ,CONL ,

6CON2 ,CON3 ,CON4 ,CONS 4CUN6 ,CON7 ,CONB , CON9 ,RO ,CONLO
TSIGMA  ,El +EQ »E 4 XNEL
READ IN LIBRARY DATA

LB=0

CALL LIBL(LL)

GO0 TO (10 ,1000 ) L1

cALL LIB {3HS14 L XLIBND )
READ CUNTROL CARD

READ 20, LIBNO

FORMAT (6110}

IF {LIBNO) 900,900,35

READ IN SOURCE LIBRARY (TYPE 1 LIBRARY )

READ 40 ,NE ,MMAX , NMAX

FORMAT (3110)

READ 45 , (R1({M) , M=] ,MMAX )

READ 45 , {ALPHA1l (N) , N=1 ,NMAX )}

FORMAT (6F10.3)

READ 360 ,(EO(L),y L=1,NE)

FORMAT (6E10.4)

READ 370 ,(E{L) ,L=1 4NE)

FORMAT (6E10.4)

DO 50 t=1 » NE

DO 50 N=1 , NMAX .
FORMAT (1P6E10.3)

CONTINUE

95

0001
0002

0003

0004
0005
0006
0007
ouos
0009
0010
0011l
0015
0016
0017
0018

0019

0020
0021
0022
0023
0024
0025
0026
0027
0041
0044
0045
0046
0047
0048
0049
0050
0051
0052
0C54
0055
0056
0057
0058
00%»9
0060
0061l
0122
0123
0124
0126
0062
0063
0064
0065
0066
0067

Sl4
Sl4a
Si4
Si4
S14
Si4
Si4
S14
Sl4
S14
S14
Sl4a
Sl4
Si4
Sl4a
Si4
Sl4
Sl4
Si4
Si4
Sl4
Sl4
Sla
Sl4
Sl4
Sl4
SL4
S5l4
Si4
Sl4
Si4
Sl4
Si4
Sl4a
S14
Sla
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
St4
Sl4
Sl4
Sl4a
Sl4
S1l4
Si4
Sl4
Sl4
Sl4



900
910

920

OO0

1000

aoo0

320

330

340

350

9000
9010

1200

9250

9260

9270

9280

9290

9300

FORTRAN Statements for $14 (Cont'd)

XSLIf = XLIBNO
GO YO 10
PRINT 910

FORMAT (42H1 THE FOLLOWING LIBRARIES HAVE BEEN LOADED )

PRINT 920 ,XSLIB 0 XLIB(I) » I=1 , LB )
FURMAT  (1HO , 6F10.0)

READ IN AND TEST PROBLEM CONTROL NUMBERS
BACKSPACE 9

CALL SETUP (3HS514 » XID )
READ 20 ,LIBNO

READ 320 NA,NE,SLOPE,SEP,YSLIB,THICK
FORMAT  (2110,4F10.0)

READ 330 ,XNEL
FORMAT ( 1PLE10.3)

READ 340 o (NPX{KI] ,K=1,NA}
READ 340 , (NPY(K]) ,K=1,NA)

FORMAT {6110)

READ 340 W (KTUK) 2K=1 JNA )
READ 350 LIXO0(K) ,K=1 ,NA )
READ 350 L ({YO(K) ,K=1 ,NA )
READ 350 L (DELX (K) ,K=1 s NA )
READ 350 L {DELY (K) ,K=1 yNA )
FORMAT (6F10.3 )

RO =.000000000000000000000000079524 =XNEL

IF (XSLIB-YSLIB) 9000 ,1200 ,9000

PRINT 9010

FORMAT  (17H1 WRONG LIBRARY )

CALL END 9

CALL SuB M

PRINT 9250, PHIT

FORMAT (29H TOTAL FLUX AT DETECIOR IS y LP1EL10.3 }

PRINT 9260

FORMAT (43H0 FLUX SPECTRUM AT DETECTUR BY INCREASING LI
PRINT 9270,{(PHILI(L) ,L=1, NE)

FORMAT (1HO,1P6£10.3)

PRINY 9280

FORMAT (43H0 TOTAL FLUX FROM SUB AREAS BY INCREASING K}
PRINT 9290,{PHIK(K) ,K=1 ,NA)

FORMAT (1HO,1P6EL10.3)

PRINT 9300
FORMAT(39H0O FRACTION OF TOTAL FLUX FROM SUB AREAS)

96

0068
0069
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
o111l
0112
0113
0ll4
0115
0llé6
0L17
ol1ls8
0119
0120
0121
0127
0151
0128
0130
0131
0132
0134
ols2
0153
0154

0155

0156
0157
0158
0159
0160
ol61l
0162
0163
Olea
01695
0166

0170

Sl4
Sl4
Sl4
Si4
Si4
Slé4
Sl4
Sl4
Si4
Sla
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
St4
Slé
S14
Si4
Sl4
Sl4
Sla
Sla
S14
Sl4
Sla
Sl4
Sl4
Sia
Sl4
Sl4
Sl4
Si4
Sl4
Sl4
Sla
S14
Sl4
Sl4
Sla
Si4
Sl4
Sl4
S14
Sl4a
Sl4
Sl4a
Sl4
Sl4
St4a
Si4a



9310

9312

9313
9311

9315
3320

9330

9340

9370
9375

*

*
CS14S
EZE

L0 9311 K=1
PRINT 9312 , K

FORMAT (36H0 FLUX BY INCREASING L FOR

PRINT 9313, |
FORMAT
CONTINUE

’

FORTRAN Statements for $14 (Cont’d)

PRINT 9310 , (PHIK2(K) , K=1l,
FORMAT (1HO,1P6E10.3)

NA

PHI (K'L) , L=

(1HO,1P6E10.3)

IF {SENSE SWITCH 2 ) 9315 ,

PRINY 9320

NA )

1y NE

9375

)
\
|

éUB AREA ,12)

FORMAT {(48H0 CDORDINATES OF LOWER LEFT CORNER OF SUB AREAS )

PRINT 9330
FORMAT (37HO
PRINT 9340, (K
FORMAT (1HO, I
PRINT 9370 ,

v X
[SE)
SEP

K X0 (K
0(K) »YO(K)
1f14.2 , 1F1

)
s K=1
1.2}

YO(K)

1 NA)

)

FORMAT (42H0 SOURCE DETECTOR SEPARATION DISTANCE IS

GG T0 1000
END

STRAP FORTRAN
LISTS

BM JACK GRIGSBY
E2ECl EZED2 EZED3 ECOF

SUBROUTINE SuB
DIMENSION

1SOURCE(15), PHIK(20),

M

(E E JONES
EZEDS5 EZEBLAEZEB3 EZEB4 EZEBLAEZEBS

2895)

25Y(100} s R1(20) 4 ALPHAL1{20),X0{20]}

3DELY(20) o S5(15,20,20),NPX(20}

4E(151)
COMMON

LSOUURCE ,PHIK ,PHIK2 ,PHIL ,PH

2DELX +DELY

3XstiB LB W1 XID

4VI 53X 4DY »N
SR 4DSQ +SEP,D

6CON2 ,CON3 ,CO

7SIGMA  LE1 4EO
DO 9000 K=1
X1=X01{K)
Y1=Y0(K)
DX=DELX(K)
NX=NPX (K}

DO 8100 L=1,NE
PHI{K,L)=0.0

S

Y
o F
N&

vE
NA

1 NPX 4NPY

sNA X1

NYM ,XNY ,SLOPE

MU ,Fl 4PHIT

s CONS ,CON6
¢+ XNEL

I +5X

KT

WNPY(20)

PHIK2(20) o PHIL(15),

1 SY 4R1

' XL1B

1YLl 4DX 4NX

? FNPX

2 CONT

97

'NYL,VJ

oL
N

' Y

’FNPY ?

1+ CONB

’

»1PE10.3 )

PHI(20,15),45X(100),

Y0{20

KT(20

)
)

1 ALPHAL

s DELX(201},

+ EO(15)

1 X0y YO,

1 s XLIBNO ,LIBNO,

E » THICK

1ALPHA

MMAX

CON9

s NX1,

1RSQ

s NMAX ,CON1

+RO

+CON10O

1

0171
o172
0173

Sl4
Sl4
St

01731814
01732514
01733514
01734514
01735514
01736514

0174
o178
0179
0180
018l
o182
0183
0192
0193
0198
0199
MOO1

MOO02

MCO03
0004
0005
0006
0007
0008
0009
0010
0011
0015
0016
0017
0018
0019
0020
0021
0022

0023

0024
0025
0026
oo27
M0O42
M043
MO 44
M0O45
MO 46
MO47
MO48
M0O49

514
Sla
Sl4
Sl4
S14
S14
Sl4
Sl4
Sl4
Sl4
S14
S14
Sla
S14

- Sl4

S14
Si4
514
S14
S14
S14
Sl4
S14
S14
S14
Sl4
S14
S14
S14
S14
S14
S14
S14
S14
Si4
Sl4
S1l4
S14
Sl4
Sl4
514
Si4
Sl4
S14
Sl4




8100

8200

7100

7200

7300

7400

7310

7320

7330

7311

FORTRAN Statements for 514 (Cont'd)

CONTINUE
CALCULATE SX FOR ALL I

SXI{1)= THICK *DX/3.0

SXINX) =SX{1}

NX1=NX-1

DO 8200 I=2,NX1

VIi=1
SX{I)=SX{1L)={MODF(2.0%#(VI+1.0),4.0)+2.0)
CUNTINUE

DO LOOP FOR SUMMING OVER X

NPXX=NPX(K}

DO 8000 I=1,NPXX

vi=l

X=X1+{VI-1.0)#DX

GENERATE Y MESH

ITFIKT{K)~-1 ) 7100 ,7200 ,7200
DY=DELY (K}

NY=NPY{K)

GO T0 7300

NY=3+(I-1)#2

NYM=NY-1

XNY=NYM

DY=SLOPE={X-X1)/XNY ‘
NPY{K) = NY

GO 10 7300

CALCULATE SY FOR ALL J

SY(1) =DY/3.0

SY(NY) = SY(1)

NYLl=NY-1

DO 7400 J=2,NY1

vVd =J

SY{J) = SY{l) e (MODF(2.0 ® (VJ+1.0), 4.0) + 2.0}
CONTINUE

NPYY = NPY({K)

DO 7000 J=1,NPYY

vd=J

Y=Y1+{VJ-1.0)%DY

IF ( X} 7310, 7320 ,» 7330
ALPHA = 90.0 + ( ATANF {(-X/Y ) ) # 5T7.296
GO TO 7311

ALPHA = 90.0

GO 10 7311

ALPHA = { ATANF (Y/X )} ) » 57.296

GO 10 7311

RSQ =Xe®%2 + Ya#n2

R =SQRTF(RSQ)

CALL SUBL (Kyl,49)

DSQ =RSQ + SEP##2 -2,0#SEP#X

98

MO50
MO52
MO53
MOS4
MO55
M0S6
MOS57
MQ58
MO59
M0O60
MO61L
M062
MD6&3
MO64
M065
MO66
MO67
MO68
M0O69
MO70
MOT71
M0OT72
MO73
MG T4
MO75
MOT76

S14
Sl4
Si4
Sl4
Sl4
Sl4
Si4a
Sl4
S14
Si4
Sl4
Si4
Sis4
Sl4
Si4
Sl4
514
Si4
S14
Sl4
Si4
S14
Sl4
S1l4
Si4
Si4

MOT61S14

MOT77
Mo82
MOo83

Si4
Sl4
S14

M0831S514

MO B4
M0B5
MO8
MO87
MOB8
M0O90
M09l
MO92
M093
M09S4
MO95

Si4
Sl4
Si4a
Sla
Sla
Si4
Si4
Sl4
Sl4
Sl4
S14

M0952514
M0953S514
M0955S514
M0956S 14
M0O958S14
M0959S514

MOS6
MOS7
M0O938
M099
M100
M101

Sl4
514
Sl4
S14
Sl4
S14



PORTRAN Statements for S14 »(Com'»dr)

)

C SUBl IS SOURCE CALCULATION M102 Sl4

D =SQRTF(DSQ) M103 Sl14

FMU = ( SEP#22 - RSQ - DSQ ) /7 { 2.0#R=D) M104 S14

Fl = SX{I)l= SY{J)/DSQ M106 Sl4

c MLO7 S14

IF  [SENSE SWITCH 3 ) 7430 , 6000 M108 Sl14

7430 PRINT 7435 4K o1 »J MLO9 Sl4

7435 FORMAT {44HO X,YsALPHA,R,D,THETA,FMU, AND F1 FOR K [ J ,I5,15,15 IM110 S5l14

PRINT 7440 4X,Y,yALPHA,R,D,THETA,FMU, F1 M111l Sl4

7440 FORMAT (1HO,1P8E10.3) ML112 S14

6000 CALL SUBZ (K,I.,J) Mil4 Sl4

c SUB2 1S GAMMA CALCULATIUN CONTAINS DO LOOP OVER ENERGY ML15 S14

7000 CONTINUE ML21 S14

8000 CONTINUE ' Ml22 Sl4

9000 CONTINUE M123 Sl4

c M124 Sli4

C : ML25 S14

c CALCULATE TOTAL AND FRACTIONAL FLUXES M126 514

7425 PHIT =0.0 ML27 Sl4

b0 9100 k=1 , NA M128 S14

PHIK(K) =0.0 M129 S14

C M130 S14

DO 9050 L=1 , NE M131 514

PHIK(K) =PHIK{K) +PHI(K,L)} M132 514

9050 CONTINUE M133 S14

C M134 S14

PHIT =PHIT + PHIK({K) M135 514

9100 CONTINUE ML36 S14

c M137 S14

DG 9150 K=1 ,NA M138 Sia4

C M139 S14

PHIK2(K) = PHIK{(K)/PHIT M140 S14

9150 CONTINUE M14l Sl4

DO 9200 L=1 ,NE M148 Sl4

c M149 S14

) PHIL(L) =0.0 M150 Sl4

c Mlul Si4

D0 9175 K=1 , NA M152 Sl4

c M153 S1i4

PHIL(L) = PHIL(L)+ PHI(K,L) M154 Sl14

9175 CONTINUE M155 Sl4

9200 CONTINUE M1L56 Sl4

9207 RETURN ML176 Sli4

END M177 Sl4

- STRAP FORTRAN 1001 Sl4

A LISTS Sil4

€514581 JACK GRIGSBY L,E E JUNES 2895) 1002 Sl4

ELE EZEC1 EZEDZ2 EZED3 EOF EZEDS EZEBLAEZEB3 EZEB4 ELEBLAEZEBRS S14

SUBROUTINE SUBL(K,1,J)} 2603 S14

DIMENSION 0004 Sl4

1SOURCE(15), PHIK(20), PHIK2(20) , PHIL({15), PHI{20,15),5X{100), 0005 Sl4

C 0006 Sl4

2SY(100) s R1(20) , ALPHAL(20},X0(20) , YO(20) » DELX(20), 0007 Si4

c 0008 Sl4
99




10
20
30
31
32
33
34
40
50

60

100

65
70

75

_FORTRAN Statements for 514 (Cont'd)

30ELY(20) 4 5(15,20,20),NPX{20) ,NPY(20) » KT(20) s EO(15)
4EL15])

COMMON

1SOURCE ,PHIK ,PHIKZ ,PHIL ,PHI ,SX ,SY ,R1 ,ALPHAl ,X0, YO,
2DELX #DELY S yNPX ¢NPY LKT XLIB sL]1 ,XLIBNO ,LIBNO,
3XSLIB LB WP XID +NA X1 ,Y1 ,DX oNX ¢NE ,THICK 4NXL,
4VI 4 X DY 4NY JNYM 4XNY ,SLUPE 4NY1,VJ ,¥ ,ALPHA ,RSQ ,

SR 4LSQ ySEPYD ,FMU ,F1 ,PHIT ,FNPX ,FNPY , MMAX ,NMAX ,CON1l
6CONZ2 ,CON3 ,CON4 ,CONS ,CON6 ,CONT ,CON8 , CON9 ,RO ,CONL1O
7SIGMA ,E1l LEO LE ,XNEL

[F {R-R1(1)) 20, 2 ,2
IF (ALPHA —-ALPHAL(1)) 2045,:5%

DO 10 M=1 ,MMAX

IF (R1(M)-R ) 10 +40 ,40

CONTINUE

PRINT 30 ‘

FORMAT { 48H A VALUE OF R1 OR ALPHAL CALLS FOR EXTRAPOLATION)

PRINT 31,K,L,1,J4

FURMAT {31HO X,Y,R,ALPHA FOR KyLyI,J OF 415 )
PRINT 32, X,Y,RyALPHA

FORMAT (1HO ,1P4€£10.3 )

PRINT 33

FORMAT  (33H0 MIN AND MAX INPUT R AND ALPHA )
PRINT 34, (R1(1),R1(MMAX),ALPHAL(1),ALPHAL(NMAX) )

FORMAT {1HO ,1P4E10.3)

CALL AUTO

00 50 N=1 , NMAX

IF {ALPHAL{N) ~ALPHA} 50 460 ,60

CUNTINUE

GU TU 20

CONL =(ALPHA-ALPHAL(N-1))}/(ALPHAL(N)-ALPHAL{N~1))

DU 100 L=1 ,NE
CON3=S{LsyM-1yN-1) +CONL#(S(LyM-1,N)}=S{LyM-1,N=-1))

CON4=5(L,M,N-1) +CONLI*#(S{LyMyNI=S{LyMyN-1))
SOURCE{L)=(CON3 # RL(M-1)##2+CON4 #R1(M)##2 ) / (2.0%R#22)

CONTINUE
IF (SENSE SWITCH 4 ) 65 0 110

PRINTYT 70 4, K 4 I 4 J

FURMAT (37HO SOURCES FOR ALL L FUOR K I AND J OF,15 ,I5 ,15 )
PRINT 75 4 { SOURCE(L),y L=1 4 NE )
FORMAT ( 1P6EL10.3)

100

0009
0010
0011
0015
0016
0017
ools
0019
0020
0021
0022
0023
0024
0025
0026
o027
1042
1043
1044
1045
1046
1047
1048
1049

Sla
Sl4
S14
Sl4
S14
Sla
Sl4a
Sla
514
Sl4
S1l4
S14
Sl4
Sla
Sla
Sl4
S14
S14
Sla
Si4
S14
Sla
Sl4
Sl4

10491514
104928514
10493514
10494514
10495514
10496514
10497514
10498514

1040
1051
1052
1053
1054
1055
1056
1060
1061
1062
1063
1064
1065
1066

Sla
Si4
S14
Sl4
Sl4
S14
S14
Si4
Sl4

‘Sl4

Sla
Sla
Sl4
St4

10661514

1067
1068
1069
1070
1071
1072
1073

Sl4

S14

Sla4
Sla
Sl4
Sla
Sl4




110

*
*
CS14S
ELE

[aNeNal

610

620

630
635

040

FORTRAN Statements for S'!4 (Cont'd)

RETURN

ENU

STRAP FURTRAN

LISTS
82 JACK GRIGSBY {(E E JUNES 2896)

EZECL EZED2 EZED3 ECGF EZEDS EZEBLAEZEB3 EZEB4 EZEBLAEZEBS
SUBROUTINE SUB2 (Kyl,sd)

DIMENSTON

1SOURCE(15),y PHIK(20), PHIK2(20) , PHIL(15), PHI{20,415),5X(100),

25Y1(100) s RL120) s ALPHAL120),X0120) . 4 YOt20) y DELX(20},
3DELY {20} 4, S(15,20,20),NPX{20) ,sNPY(20) » KT(20) « EOL15)
4E(15)

COMMON

LSOURCE ,PHIK ,PHIK2 ,PHIL ,PHI ,SX »SY Rl ,ALPHAL ,X0, YO,
20ELX yDELY S yNPX yNPY KT oXLIB ,L1 ,XLIBNO ,LIBNO,
3XSLIB 4LB 1 XID sNA 3 X1 Y1 4DX ¢NX #NE ,THICK «NXli,,

4VI 43X 4DY ZNY 4NYM ,XNY ,SLUPE #NYLl,VJ ,Y ,ALPHA ,RSQ ,

SR ,DSQ »SEP,D ,FMU ,F1 ,PHIT ,FNPX ,FNPY , MMAX ,NMAX ,CON1 ,
6C0ONZ2 ,CUN3 ,CON4 ,CONS ,LON6 +CONT ,CON8 » CON9 ,RO ,CON1OC
7SIGMA ,E1 ,EOQ0 ,E 4 XNEL

DO LOUP OVER ENERGY

L0 600 L=1 HNE

CALCULATE SI1GMA

CONT EO{L)/0.51

COnG 1.0 /7 (1.0 + CONT=( L.0 ~ FMU} )

SIGMA = RO ® ( CON6 - { CONG6##2)=(1l.0~-FMU*#2) + CONo6#*#3 ) / 2.0

CALCULATE FINAL ENERGY
Bl = CON7T#CON6 # 0.51

/]

DEVERMINE WHICH GROUP E1 LIES IN AND CALCULATE PHI

DO ¢10 LF= 1, NE

IF ( E(LF)-EL ) 620 » 620 4 610

CONTINUE

PHI (KyLF)= PHI (K,LF)+ SUURCE{L) = SIGMA & F1l
IF (SENSE SWITCH 6) 630,600

PRINT 635

FORMAT (30HO K I J L E1 SIGMA AND SOURCE )
PRINT 640 4K,I,J,L+ELl,SIGMA,SOURCE(L)}
FORMAT ( 415,1P3E10.3}
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1075
1076
2002
20603

2004

514
Sl4
Sl4
514
St4
Sl4
Sl4

00041514

0005
0006
0607
0008
0009
CQ1l0
0011
0015
001é
0017
0018
0019
0020
00c¢1
0022
ou23
0024
0ues
00z6
0027
2029
2030
2031
2032
2033
2035
2036
2038
2040
2642
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063

Sia
Si4
Sl4
514
514
Sla
Sl4a
S14
S14
Sl4
S1l4
Sl4
Sl4
Sla
Sl4
S14
Sl4
Sl4a
Sl4
Sl4
Sl4
Sla
Sl4
S14
S14
St4
Sl4
Sl4
S14
Sil4
Si4
Sl4
Sl4
S14
Sl4
Sl4
Sl4
Si4
Sl4
Sla

20631514
20632514
20633514
20634514
20635514

2064

Sl4




- FORTRAN Statements for 514 (Cont'd)

600 CONTINUE
' ETURN
END

102

0038l

2065 Sla
2066 514
2067 Sl4



APPENDIX D

INPUT AND OUTPUT FOR S14 SAMPLE PROBLEM
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[
0.782+24
19

9

0

97.54
50.59
7.092
5.181

14

15

97.54
92.05
1.229

0.0

0.58

61

9

0
198.70
92.05
T7.533
7.925

913.0

49

0

1
198.700
155.40
9.417
0.0

Problem Data for $14

529621.0

105

55
35
0
650.7
155. 4
7.620

. T«676

0.45

45

15

0
650.700
50.590
1.2390
7.4930

56430300012
56430300022
56430300032
56430300042
56430300052
56430300062
56430300072
56430300082
56430300092

56430300102

S14
Sl4
Sl4
S14
Sla
Sl4
Sla
Sla
Sl4
S5l4



1

14

24.0
0.0
9.34+00
3.36+00
3.45-01
9.00+00
3.00+00
2.50-01
1.79+03
4.,37+02
9.36+02
1.03+403
9.36+02
1.92+04%
4.69+013
1.00+404
1.09404
1.00+04
3.40+04
8.29+03
1.78+04
1.93+04
1- 78+04
4,6T+04
1.14+04
2.44+%04
2.66+04%
2.44+04
8.12+04
1.98+04
4el24+04
4.61+04
4.,24+04
1.62+05
3.96+04
8.49+04
9.24+04
8.49+04
4.51+05
1.10+05%
236405
2.57+05
2436405
1.40+06
3.41+05
7.31+405
7.94+05
T7.31+05
1.39+006
3.40+05
7.30+05
T7.94405

5

180.0
30.0
8.25+00
2.37+400
1.17-01
8.00+00

2,00+00

0.00+00
1.40+01
8.36+00
1.47+401
1.78+01
1l.47+01
1.50+02
8.97+01
1.58+02
1.91+02
1.58+02
2.65+02
1.59+02
2.80+402
3.38+02
2.80+02
3.65+02
2.18+02
3.85+02
4.65+02
3.85+02
6.33+402
3.79+02
6.68+02
B.08+02
6.68+02
1.27+03
7.59+02
1.34+403
1.62+403
1.34+403
3.52+03
2.11+403
3.72+403
4.49+03
3.72+03
1.09+04
6.53+03
1.15+04
1.39+04
1.15+04
1.09+04%
6.50+03
1.15+04
1.39+04

5

305.0
60.0
T7.51+00
1.72+00

7.00+00
1.50+00

4.,60+00
2.97+00
5.19+00
6.15+00
5.15+00
4.,95+01
3.19+01
5.53401
6.60+401
5.53+01
8.754+01
5.64+01
93.78+01
1.17+02
3.78+01
1.20+02
7.75+401
1.35+02
1.60+02
1.35+402
2.09+02
1.35+02
2.33+402
2.79+02
2.33402
4.18+02
2.69+02
4,67+02
5.58+02
4.6T7T402
1.16+03
T7.49+402
1.30+03
1.55+03
1.30+403
3.60403
2.32+03
4.,02+03
4.80+03
4,02+403
3.59+03
2.31403
4.,00+03
4.80+03

Source I.i‘brary for S14

650.0
90.0
6.43+00
1.20+00

6.00+00
1.00+00

9.81-01
6.60-01
1.13+00
1.35+00
1.13+00
1.05+01L
71.08+00
1.21+01
1.45+01
1.21+01
1.86+01
1.25+01
2.15+01
2.96+01
2.15+01
2.56+01
1.72+401
2.95+01
3.52+01
2.95+01
4.45401
2.99+01
5.13+01
6.11401
513401
8.90+01
5.99+01
1.03+02
1.22+02
1.03+402
2.474+02
1.66+02
2.85+02
3.40+402
2.85+02
7.66+02
5.15+402
8.83+02
1.05+03
8.83+02
1.65+402
5.15+02
8.80+02
1.05+03

7000.0
120.0
5.43+00
8.59-01

5.00+00
7.50-01

8.45-03
5.70~-03
9.76-03
1.16-02
9.76-03
9. 10“02
6. 11"02
lc 05‘01
1.25-01
1.05-01
1. 60"01
lo 08’01
1.85-01
2.21-01
1.85-01
2.21-01
1.49"01
2.55-01
30 03“01
2.55-01
3.83-01
2.58-01
4.43-01
5.27-01
4.43-01
7.67-01
5.17-01
8.86-01
1.05+00
8.86-01
2.13+00
l.44+00
2.46+00
293400
246400
6.60+00
4.45+00
7.62+00
9.07+00
7.62+00
6.554+00
4.43400
1.60+00
9.07+400

106"

4.39+00
6.09-01

4,00+00
5- 00-01

5296210001L
5296210002L
5296210003L
5296210004L
5296210005L
5296210006L
5296210007L
52962100081
5296210009L
5296210010L
5296210011L

5296210012L "

5296210013L
5296210014L
5296210015L
5296210016L
5296210017L
$296210018L
5296210019L
5296210020L
9296210021L
5296210022L
5296210023L
5296210024L
52962100251
5296210026L
$296210027L
5296210028L
5296210029L
%296210030L
5296210031L
5296210032L
5296210033L
5296210034L
5296210035L
5296210036L
5296210037L
5296210038L
52962100391
5290210040L
5296210041L
5296210042L
5296210043L
5296210044L
52962100450
5296210046L
5296210047L
5296210048L
5296210049L
5296210050L
5296210051L
52962100521
52962100531
%296210054L

S14
Sla
Sla
Sl4
Sl4
Sl4
Sl4
Sl4
S14
Sl4
Sla
Sla
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
S14
Sl4
Sl4
Sl&
Sla
Sla
Sl4
Sla
Sl4
S14
S14
Sl4
Sl4
Sl4
Sla
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sla
Sl4
Sl4
Sl4
S14
Sla
Sl4
Sl4
S14
Sl4
Sl4
Sl4
Sl4
Sl4




7.30+05
2.28+06
5.95+05
1.19+406
1.30+06
1.19+06
1.81+06
4,424+05
9.48+05
1.03+06
9.48+05
1.104006
7.99405
1.62+406
1.764+06
L.62+06
T.93406
1.84+06
3.93+406
4.28+06
3.93+406
1.09+07
2.65+06
5.70+06
6.,20+06
5.70+06

1.15+04
1.78+04
1.07+04%
1.88+04
2.27+04
1.88+04
l.41+04
8.48+03
1.49+04
1.80+04
1.49404
2.42+404
1.45404
295404
3.08404
2.55404
H.89+404
3.93+04
6.20404
7.48+04
6.20404
B.50+0¢4
5.10+04
8.98+04
1.08+05
8.98+04

Source Library for S14 (Cont'd)

4,00+03
5.85+03
3.78+03
6.55+03
7.80+03
6.55403
4,68+403
3.00+013
5.23+403
6.23403
5.23+403
7.90+4+03
5.15+03
8.93+03
1.07+404
B.23403
1e94+404
l.64+04
2.174+04
2.58+04
2.17+04
2.80+04
1.81+04
3.13+04
3.75+04
3.13404

8.80+02
l1.254+03
8.40402
le44403
1.73+03
l.44+403
9.93+402
6.68+02
1.15+03
1.36+03
1.15+03
1.70+03
1.14+03
1.96+03
2.33403
1.96+03
4.13+403
2.78+03
4.75+403
5.65+03
4,75+03
5.98+03
4.03+403
6.88+03
8.20+03
6.88+03
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T.60+00
1.08+01
T.25+00
l.24+01
1.48+01
1.24+01
8.95+400
5.78+00
9.88+00
1.18+01
9.88+00
1.46+01
9.85+400
1.67+01
2.01+01
1.6726001
3.55%+01
2.404+01
4.10+01
4,89+01
4.,10+401
5.15+01
3.48+01
%5.95+01
7.08+01

5.95+01

5296210055L
5296210056L
5296210057L
5296210058L
5296210059L
%296210060L
©296210061L
52962100620
5296210063L
5296210064L
52962100650
5296210066L
5296210067L
5296210068L
5296210069L
9296210070L
5296210071L
5296210072L
5296210073L
5296210074L
5296210075L
5296210076L
5296210077L
5296210078L
5296210079L
9296210080L
00080

Sl4
Sla
$14
Sl4
Sla
S14
S14
S1l4
Sla
S14
S14
Sl4
Sl4
Sla
SLa4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sl4
Sla
Sle
Sla
Sl4



Output for S14

GENERAL DYNAMICS/FORT WORTH S14 PROB 564303 DATE 8-29-62 PAGE 1

TOTAL FLUX AT DETECTOR 1S 4.798+02
FLUX SPECTRUM AT DETECTOR BY INCREASING L
O. 0. 0. 1.510-04 1.165-02 6.799-02
2.737-01 Z.Qll+00 5.183400 1.520401 1.736+01 3.834+01
1.329+02 2.685*02.
TOTAL FLUX FROM SUB AREAS BY INCREASING K
9.832401 1.024+01 6.852+01 5.376+01 6.740+01 1.816+02
FRACTION OF TOTAL FLUX FROM SUB AREAS
2.049-01 2.135-02 1.428-01 1.120-01 1.405-01 3.785-01
FLUX BY INCREASING L FOR SUB AREA 1
0. 0. 0. 1.510-04 1.151-02 6.374-02
2.300;01 1.511400 3.173+400 7.489+00 5.808+00 1.115+01
2.800+01 4.089+01
FLUX BY INCREASING L FOR SUB AREA 2
0. 0. O. 0. o. 0.
0. 4.261-04 1.256-02 2.464-01 4.631-01 8.175-01
3.874+00 4.830+00
FLUX BY INCREASING L FOR SUB AREA 3
0. 0. 0. 0. 0. 0.
6.780-03 2.125-01 9.454-01 3.059+00 3.980+00 8.274+00
2.175+01 3.030+01
FLUX BY lNCﬁEASlNG L FOR SUB AREA 4
0. 0. O. 0. 0. 0.
0. 0. 1.169-02 5.019-01 1.612+00 4.126+00
1.908+01 2.843+01

FLUX BY INCREASING L FOR SUB AREA 5

108




Output for 514 (Cont'd)

GENERAL DYNAMICS/FORT WORTH S14 PROB

0. 0. 0. 0.

0. 0. 1.190-07 1.726-02
1.209+01 5.351+01 '

FLUX BY INCREASING L FOR SUB AREA 6

0. 0. 0. 0.
3.699-02 2.868-01 1.040+00 3.886+00

4.810+01 1.106+02

109

564303 DATE 8-29-62 PAGE

0. 0.

2.261-01 1.551+400

1.377-04 4.251-03

5.270400 1.242+01






APPENDIX E

MACHINE OPERATING INSTRUCTIONS FOR PROCEDURES
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111



APPENDIX E

MACHINE OPERATING INSTRUCTIONS FOR PROCEDURES
S06 and S14

The computer codes S06 and S14 (procedures) are designed to run

in STRAP, the GD/FW operating system for the IBM-7090. In the

modified version of the 709/7090 FORTRAN System used at GD/FW, the

STRAP System is read from the system tape and control transferred to

it whenever a STRAP control card is encountered by either SIGNON or

SCAN,

At the end of a STRAP job, the FORTRAN Common I-O Package is

stored and control returned to SIGNON,

A method by which computing installations other than GD/FW may

run a computer code designed for use with STRAP as a standard execute

job in the 709/7090 FORTRAN System has been developed. The job deck

for running in this mode is composed of the following parts in the

order listed:

1.

DATE card and/or I.D, card compatible with the version of the
709/7090 FORTRAN System used by the installation running the
Job.

Any FORTRAN Monitor comment or PAUSE cards needed by the
individual computing installation.

The STRAP control deck, which is numbered consecutively in
Columns 73-75, beginning with 001, and has STRP2 in Columns
76-80 of each card., Card 001 is an EXQ control card.

The program binary deck for the computer code in question,
This deck is numbered consecutively in Columns 73-76,
beginning at 0001, and has the computer code identification
in Columns 78-80 of each card.

Problem-data decks and library~data decks.

112




The following statements should convey to anyone familiar with

the basic 709/7090 FORTRAN System all the information needed to run a

STRAP job:

1.

The Job deck is written as a file on the input tape. When
the FORTRAN Monitor reaches this file, control is trans-
ferred to the STRAP Monitor via the XEQ card, and the STRAP
Monitor in turn transfers control to the specific computer
code being run.

Tapes Al, A2, and A3 are the system, input, and output tapes
in STRAP, just as in the FORTRAN system., BY4 is written on
by the FORTRAN Monitor and hence must not be filed protected.

Tape Bl is used as an intermediate tape.

The memory locations between (3)g and (143)g permanently
reserved for the use of the FORTRAN Monitor are not used by
STRAP procedures.

Programmed stops in STRAP procedures are preceded by a
comment on the on-line printer.

The output added to tape A3 by STRAP Jjobs will not be
followed by an end-of-file.

Upon completion of a STRAP run, the system tape on Al is
rewound, the FORTRAN Common I-0 Package is read in, two
Monitor records (DUMP and C-to-tape) are skipped on Al, and
(LOAD) is called to bring in SIGNON.

Tapes are assigned in STRAP jobs according to the following
table:

Logical No. or Actual 7090 Tape

Tape Function Assignment
1 Bl
2 B2
3 B3
4 BA
) B5
6 B6
7 AL
8 Ag
9, READ A2

10, PRINT A3
11 A6
12 A5
SYSTEM Al
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The actual 7090 tape assignment corresponding to logical
tape numbers 1, 2, 3, 4, 5, 6, 7, 11, or 12 may be altered
by the using installation. The choice of tape units must,
however, be limited to channels A, B, or C. The following
is an octal listing of the STRAP tape unit table.

77643 000000000024
Ly 2201 LOGICAL TAPE 1
45 2202 2
L6 2203 3
Uik 2204 4
50 2205 5
. 51 . 2206 6
. 52 . 1204 7
. 53 . 1205 8
54 1202 9
55 1203 10
56 1206 11
57 1205 12
60 0000 13
61 0000 14
62 0000 15
63 0000 16
64 0000 17
65 0000 18
66 0000 19
77667 000000001201 20

The format of this table is identical to the FORTRAN unit
table (IOU) in the FORTRAN library. It is assumed that
anyone attempting to change the table will be familiar with
standard FORTRAN usage of table (IOU), This table appears
on a separate absolute bilnary card in both the STRP2 and
STRPR2 near the end of the decks. Changes may be made by
using installation on this card or by binary corrections
inserted Just before the last card of each deck. The 22
word/card standard binary format is used in each deck---
columnar binary in STRP2 and row binary in STRPR2. The
check~-sum on the cards in both decks must be either correct
or zero.

As an example, suppose 1t is desired to change the actual
7090 tape assignment of logical tape 3 from B3 to Cl.
Location 77746 would be changed from 2203 to 3201 in both
the STRP2 and STRPR2 decks.
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10,

11.

Recovery is initiated on STRAP procedures by loading from
the on-line card reader the STRAP Recovery Deck (numbered
consecutively in Columns 73=-74 beginning at 01 with STRPR2
in Columns 75-80 of each card).

Whenever it appears that a problem on a STRAP procedure is
unable to reach completion, or whenever it is desired for
any reason to terminate the problem (not the job), then the
following steps should be taken:

a. Place the computer in manual and wait until operation
stops.

b. Place the machine in automatic.
c. Depress sense switch 1.

d. Load the STRAP Recovery Deck from the on-line card
reader.

If it becomes necessary to interrupt a job being run, the
operator should depress sense switch 1. Within 10 minutes
of this step, the procedure should indicate by an on-line
comment what action has been taken, and what steps must be
taken to restart the procedure. In many procedures, the
takedown action will consist of nothing more than skipping
the problems not yet completed. If the latter alternative
is taken, then the problems not processed should merely be
rescheduled at a later time,

The following restrictions apply to the running of procedures

S06 and S14 by the method cutlined in this section:

19

Subroutine DATE (in the STRAP Control Deck) assumes that
the current date is stored in cell (142)g in standard
FORTRAN format., If local changes to the FORTRAN system
have altered this standard, then subroutine DATE should be
replaced by a subroutine which does the following:

a. Stores the current date in absolute cell (77777)g as
an integer of the form:

(MONTH) - 10000 + (DAY OF MONTH) - 1oo-+(LAST)Two DIGITS OF
YEAR).
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Subroutine DATE is on standard relocatable binary instruc-
tion cards near the beginning of the STRAP Control Deck.

2. Whenever a recovery or termination of a problem is executed,
the following items should be noted:

a. The correct date may not appear on the remaining output
of the job on which recovery was made.

b. Information retained between jobs in locations (3)8 -
(143)g will probably be lost.

c. When the job is complete, an on-line comment wlll be
given directing the operator to reload the START card
to begin the next Job on the input tape.

Both procedures, S06 and S14, will give error prints in the event
that one of the following situations exists:

1. The wrong source library has been loaded. This will cause
the machine to stop after printing WRONG LIBRARY,

2. A calculated value of R or ALPHA does not fall within the
range of input values of Rl or ALPHAl. This will cause the
machine to go to the next problem after printing A VALUE OF
R1 OR ALPHA1l CALLS FOR EXTRAPOLATION; the values of K, L, I,
J, X, Y, R, ALPHA involved; and the maximum and minimum values
of Rl and ALPHAl., K, L, I, and J are subscripts on sub-area,
energy, mesh point in X mesh, and mesh point in Y mesh,
respectively.

When the cross-section libraries loaded in procedure S06 do not
agree with those called for in the problem deck, the following print
out will be given: LIBRARIES LOADED DO NOT AGREE WITH THOSE REQUESTED.
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